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PREFACE. 


It  must  have  been  apparent  to  the  numerous  Of- 
ficers of  the  Army  as  well  as  to  the  various  other 
persons  appointed  to  the  Revenue  Surveys  in  India, 
that  scarcely  one  of  the  many  English  works  on 
Grcodesy  extant,  touch  on,  or  afford  any  practical 
insight  into,  the  system  of  Survey  as  carried  on,  and 
as  peculiarly  applicable  to  this  country.  Valuable  and 
of  high  order  as  many  of  these  works  are,  and  of  great 
importance  as  fixing  the  leading  and  fundamental 
principles  of  the  profession,  they  are  destitute  of  the 
most  essential  parts  of  an  Indian  Surveyor's  duty,  and 
of  the  most  useful  details,  for  adapting  such  princi- 
ples to  the  nature  of  the  country  with  which  he  has 
to  contend. 

A  Surveyor  of  even  some  experience,  when  placed 
in  situations  of  difficulty  and  responsibility  so  common 
in  the  almost  boundless  fields  still  left  unexplored  in 
this  vast  country,  with  no  competent  adviser  at  hand, 
and  far  removed  from  all  chances  of  assistance,  may, 
and  often  does  feel  greatly  at  a  loss  ;  the  want  of 
A 
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some  fluch  work  therefore,  as  the  present,  forming  a 
concise  Manual,  adapted  to  the  peculiar  requirements 
of  this  country,  and  condensing  into  a  small  space, 
not  only  what  alone  can  be  found  in  a  vast  iiumber 
of  standard  and  expenBive  works,  but  embodying  the 
precise  Modus  Operandi  of  the  Department  from  un- 
published and  excluslTe  sources,  appears  now  to  be 
called  for ;  and  it  is  hoped,  that  in  the  absence  of  any 
other  similar  publication,  which  the  Editors  have  long 
most  anxiously  looked  for,  from  abler  hands,  the 
present  attempt  may  not  be  altogether  out  of  place. 

The  great  extension  of  Surreys  in  India  of  late 
years,  and  the  annexure  of  another  large  Province  to 
the  British  Dominions,  giving  rise  to  the  immediate 
necessity  for  a  Survey  and  Assessment,  has  opened  a 
wide  field  for  the  practical  employment  of  Surveyors 
of  all  descriptions,  both  European  and  Native.  In  a 
Department  therefore  which  demands  a  certain  amount 
of  qualification  (the  test  for  which  will  be  found  in 
the  Appendix)  it  is  highly  desirable  that  previous 
study  and  fitness  shoidd  form  the  pretensions  of  per- 
sons enlisting  in  its  service.  The  establishment  like- 
wise of  a  Civil  Engineering  College  at  Eoorkee,  in 
the  North  Western  Provinces,  by  His  Honor  the  Lieu- 
tenant Governor,  for  the  training  of  youtiis  of  this 
country,  as  well  as  of  European  Non-Commissioned 
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Officers  and  Privates  of  the  Anny,  in  the  several 
branches  of  practical  science,  has  given  an  additional 
impetus  to  the  undertaking,  and  the  compilation  now 
offered  to  the  public  has  been  prepared  with  these 
views,  as  well  as  for  practical  men  generally. 

The  airangement  of  the  work  is  consequently  in 
the  first  two  parts  elementary,  the  materials  for 
which  have,  of  necessity,  been  for  the  most  part 
extracted  from  various  Authorities,  chiefly  from  the 
well-known  and  most  useful  works  of  Mr.  Simms,  the 
Civil  Engineer,  and  late  Consulting  Engineer  to  the 
Goveraunent  of  India,  "  On  Mathematical  Ii^tru- 
ments"  and  "  On  Levelling".  From  Heather's  "  Trea- 
tise on  Mathematical  Instruments",  "  Jackson's"  and 
"  Frome's  Surveying,"  "  Adam's  Geographical  Essap," 
&c.  &c.,  fuU  extracts  have  been  also  made,  and  the 
acknowledgments  of  the  Compilers  are  here  duly 
recorded  for  the  same,  as  well  as  to  those  authors 
from  whose  works  extracts  have  been  made  as  quoted 
in  the  Text.  In  the  remaining  Parts  of  the  Book, 
it  has  been  the  aim,  to  render  the  information 
generally  useful,  not  only  to  the  Professional  Sur- 
veyor, but  to  the  Traveller  and  the  Explorer  of 
neighbouring  countries,  the  Quarter  Master  General's 
Department,  and  for  Revenue  Officere,  and  Civil 
Authorities  of  Districts,  where  professional  assis- 
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tance  cannot  be  obtained,  and  every  C3ollector  must 
be  his  own  Surveyor. 

Through  the  liberal  and  kind  assistance  of  Lieut. 
Colonel  Waugh,  Surveyor  General  of  India,  in  placing 
the  records  of  his  office  at  their  disposal,  the  Editors 
have  enjoyed  great  advantages,  of  which  they  have 
not  failed  to  avail  themselves  to  the  fullest  extent,  for 
this  as  well  as  for  much  valuable  advice,  their  thaXiks 
are  eminently  due,  and  most  cordially  offered. 

In  Parts  III.  and  V.  the  Compilers  have  been  very 
largely  assisted  by  Babu  Badhanath  Sickdhar,  the 
distinguished  head  of  the  Computing  Department  of 
the  Great  Trigonometrical  Survey  of  India,  a  gentle- 
man whose  inlimate  acquaintance  with  the  rigorous 
forms  and  mode  of  procedure  adopted  on  the  Great 
Trigonometrical  Survey  of  India,  and  great  acquire- 
ments and  knowledge  of  scientific  subjects  generally, 
render  his  aid  particularly  valuable.  The  Chapters  15 
and  17  up  to  21,  incltisive,  and  26  of  Part  III.  and  the 
whole  of  Part  V.  are  entirely  his  own,  and  it  would 
be  difficult  for  the  Compilers  to  express  with  sufficient 
force,  the  obligations  they  thus  feel  under  to  him,  not 
only  for  the  portion  of  the  work  which  they  desire 
thus  publicly  to  acknowledge,  but  for  the  advice  so 
generally  afforded  on  all  subjects  connected  with  his 
own  department. 
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In  the  Typographical  appearance  of  the  work  nei- 
ther expense  or  trouble  has  been  spared,  and  it  is 
hoped  that  the  Diagrams  and  Plates  drawn  on  Stone, 
and  struck  off  separately  after  the  printing  of  the 
text,  will  be  at  least  equal  in  clearness  and  precision 
to  the  wood  cuts  of  an  English  volume.  The  em- 
plcyment  of  two  distinct  presses  has  of  course  caused 
infinite  trouble  and  delay,  but  the  art  of  wood  cutting 
in  Calcutta,  is  stUl  almost  unknown,  and  it  was 
therefore  hopeless  to  carry  out  the  design  by  any 
other  means  than  those  adopted.  In  the  correction 
of  the  Press  the  utmost  pains  have  been  taken,  and 
although  the  Errata  in  the  first  few  pages  are  more 
numerous  than  could  be  desired,  the  latter  part  of 
the  work  will,  it  is  believed,  be  found  as  correct  as 
it  is  possible  to  print  such  difficult  matter  in  this 
country.  Most  of»the  computations  have  been  re- 
worked after  the  figures  were  in  print,  and  every 
proof  has  had  five  or  six  readings. 

The  preparation  of  the  work  has  been  carried  on 
under  a  press  of  engagements,  and  merely  at  moments 
of  leisure  after  other  arduous  duties  of  the  day  had  been 
attended  to,  which  has  caused  the  time  of  its  publica- 
tion to  be  very  much  protracted.  That  it  contains 
many  defects,  the  compilers  are  fuUy  sensible  of — 

there  is  much  which  in  the  arrangement  and  the  matter 
B 
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they  would  willingly  alter  if  in  their  power.  They 
only  desire  to  remind  their  readers,  that  the  space  de- 
voted to  certain  subjects  precluded  the  possibility  of 
entering  into  them  more  fully ;  in  some  single  Chaptera 
are  condensed,  what  might  with  ease  be  extended 
into  a  volume.  It  is  not  professed  to  treat  of  the 
higher  branches  of  Geodesy,  for  instance, — the  Mea- 
surement of  Base  Lines,  by  Compensation  Bars, — ^the 
Treatment  of  observed  angles  according  to  the  Theory 
of  minimum  squares,  so  as  to  satisfy  the  Geometrical 
conditions  of  the  figures  to  which  they  may  appertain, 
— or  all  the  refinements  nece^ary  to  carry  out  an 
important  Trigonometrical  Survey,  such  as  that 
now  in  progress  in  this  country.  The  object  has 
been  to  include  so  much  merely,  as  may  be  useful 
and  necessary  for  ordinary  Topographical  or  Reve- 
nue Surv^ors,  and  if  the  materials  thus  thrown 
together  have  the  effect  of  maintaining  a  high  stand- 
ard  of  accuracy  in  whatever  Survey  operations  may 
be  undertaken,  to  keep  pace  with  the  refinements 
of  the  present  day,  and  to  the  benefit  and  extension 
of  our  geographical  knowledge,  the  labor  expended 
in  passing  such  a  volume  through  the  Press,  will 
be  most  amply  repaid. 
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GEOMETRY. 
CHAPTER  I. 

■      NECESSAEr  DEFINITIONS  AND  FIBST  PRINCIPLES. 

'  Geombtbt  13  the  science  that  treats'  of  the  properties  of 
/  magnitude  in  general.  The  subjects  which  it  considers  are 
I  extent  of  distance,  extent  of  surface,  and  extent  of  capacity  or 
'\^  solid  content  It  is  the  foundation  of  Mensuration,  Surveying 
J  and  other  practical  branches:  it  embraces  the  measurement 
equally  of  the  earth  and  the  heavens;  it  forms  with  arithmetic 
\  the  basis  of  all  accurate  conclusions  in  the  mixed  sciences,  and 
»•  there  is  scarcely  any  mechanical  art,  our  views  of  which  may 
not  be  improved  by  an  acquaintance  with  it. 

The  truths  of  Geometry  are  founded  on  definitions,  each 
famishing  at  once  an  exact  notion  of  the  thing  defined,  and 
the  groundwork  of  all  conclusions  relating  to  it.  The  lead- 
ing definitions  are  as  follows : — 

A  point  is  that  which  has  position  but  not  magnitude. 

A  line  is  length  without  breadth.  lAjOOgIC 


CoKOLi-ABT.— The  extremities  of  a  line  are  points;  and 
the  intersections  of  one  line  with  another  are  also  points. 

If  two  lines  are  sach  that  they  cannot  coincide  in  any  two 
points,  without  coinciding  altogether,  each  of  them  is  called  a 
straight  line. 

C0ROL1.ABT. — Hence  two  straight  lines  cannot  enclose  a 
space.  Neither  can  two  straight  lines  have  a  common  seg- 
ment; for  they  cannot  coincide  in  part,  without  coinciding 
altogether. 

A  superficies  is  that  which  has  only  length  and  breadth. 

C0K0U.AKT. — The  extremities  of  a  Buperficiea  are  lines;  and 
the  intersections  of  one  superficies  with  another  are  also  lines. 

A  plane  saperficies  is  that  in  which  any  two  points  being 
taken,  the  straight  line  between  them  lies  wholly  in  that 
superficies. 

A  plane  rectilineal  angle  is  the  inclination  of  two  straight 
lines  to  one  another^  which  meet  together,  but  are  not  in  the 
same  straight  line." 

When  a  straight  line  standing  upon  another 
straight  line  makes  the  adjacent  angles  equal 
to  one  another,  each  of  them  is  called  a  right 
angle,  and  the  straight  line  which  stands  upon 
tlie  other  is  called  a  perpendicular  to  it 

If  an  angle  is  not  right  it  is  called  oblique. 
An  oblique  angle  is  said  to  be  acute  or  obtuse  ^ 
according  as  it  is  less  or  greater  than  a  right 
angle.     Thus :     ABC  b  a  right  angle,  DEC 
an  acute  angle,  and  EEC  an  obtuse  angle. 

*  When  several  angles  ore  at  one  point  B,  anjr  one  of  them  is  ex- 
pressed by  three  letters,  of  which  the  letter  that  is  at  the  rertes  of  the 
angle,  that  U,^tbe  point  in  which  the  straight  lines  that  contun  the  angle 
meet  one  another,  is  put  between  the  other  two  letters,  and  one  of  these  two 
is  somewhere  upon  one  of  those  Btrtdgbt  lines,  and  tite  other  upon  the  other 
line.  Thus  the  angle  which  ii  contained  bj  the  straight  lines  AB,  CB  is 
named  the  angle  AB(X  or  CEA  ;  that  whioh  is  contained  by  AB,  BD  is 
named  the  an^e  ABD  or  DBA,  and  that  which  is  contained  hy  DB,  CB  ia 
called  the  angle  DBC  or  CBD,  but  if  there  be  only  one  angle  at  i  point  it 
maj  be  expressed  b;  a  letter  placed  at  that  point. 


at  9  point  it 

C.oo^lc 


A  figure  is  that  which  is  enclosed  by  one  or  more  boun- 
daries. The  space  contained  within  a  figare  is  called  the 
Area  of  the  figure. 

A  plane  triangle  is  a  figure  bounded  by  three  right  lines. 

A  triangle  is  said  to  be  right-angled  when 
it  has  a  right  angle.  Of  triangles  which  are 
not  rightrangled,  and  which  are  therefore 
said  to  be  oblique-angled,  an  obtuse-angled  tri- 
angle, is  that  which  has  an  obtuse  angle,  and 
an  acute-angled  triangle  is  that  which  has 
three  acnte  angles,  Thus  : 

A  is  a  right-angled  triangle. 

B  an  obtuse-angled  triangle. 

C  an  acute-angled  triangle. 

An  Equilateral  triangle  is  that  which  has 
all  three  sides  equal. 


An  Isosceles  triangle  is  that  which  has  only 
two  sides  eqaaL 


A  Scalene  triangle  is  that  which  has  all  its 
sides  unequal. 


The  three  sides  of  any  the  same  triangle  b 
distinguished  by  ^ving  to  one  of  them  the  nai 
which  case  the  other  two  are  called  (Ae  two  . 
angular  point  opposite  to  the  base  is  called  the  i 

In  a  right-angled  triangle,  the  side  which 
the  right  angle  is  called  the  hypothenuse;  anc 
two  sides,  one  is  frequently  ttened  the  base,  \ 
the  perpendicular. 

Parallel  lines  are  those  which  have  no  in- 
clination towards  each  other,  and  are  every 
where   equi-distant 

All  Plane  figures  bounded  by  four  sides  are 
rangles  of  quadrilaterals. 


called  qoad- 


A  Parallelogram  is  a  quadrangle  which  has  ^ 
its  opposite  sides  parallel, 

A  Rhombus  is  a  quadrangle  which  has  all 
its  sides  equal,  but  its  angles  are  not  right  ^ 
angles. 

A  Rhimiboid  is  a  quadrangle  which  has 
its  opposite  aides  equal  to  one  another,  but  , 
all  its  sides  are  not  equal,  nor  ite  angles 
right  angles. 

A  Rectangle  is  a  quadrangle  which  has  a 
right  angle. 

A  Square  is  a  rectangle  which  has  two 
adjoining  sides  equal. 

All  other  four-sided  figures    are    called      / 

TVapeziums,  and  all  figures  containing  more     i — 

than  four  sides  are  called  Polygons.  f 

A  Regular  Polygon  is  that  whose  angles       V 

and  sides  are  all  equal. 

Th.0  Altitude  of  a  parallelogram  or  triangle,      / 

is  a  perpendicular  drawn  to  the  base  from    '^ — ■ 

the  angle  opposite.  i — — 

The  Diagonals  of  a  quadrilateral  are  the    [^---'' 

straight  lines  which  join  its  opposite  angles.       j^- 

A   Circle  is  a  plane  figure  bounded  by  a    / 
curved  line  called  the  Circumference,  every    ( 
part  whereof  is  equally   distant  from  a  point    ^v 
within  the  same  figure  called  the  Centre,  thus : 
ABDE  is  the  circumference  and  C  the  centre. 
The  Diameter  of  a  circle  is  a  straight  line 
drawn  through  the  centre,  and  terminated-* 
both  ways  by  the  circumference,  thus :  AB  is 
the  diameter  of  the  circle  ADBE. 

The  Radius  of  a  circle  is  a  straight  line 
drawn  from  the  centre  to  the  circumference, 
thus:  CA  is  the  radius  of  the  circle  ABDE. 


A  &jfme«/ofacircleisthefigure  contained 
by  a  straight  line  and  the  portion  of  the  cir- 
cumference it  cuts  off,  thus :  ABD  is  a  seg~ 
tnent  of  the  circle  AEDB. 

A  Sector  of  a  circle  is  any  part  bounded  by 
an  arc  and  two  radii  to  its  extremities,  thoa: 
AOB  is  a  sector  of  the  circle  BAD. 

The  circumference  of  every  circle  is  supposed  to  be  divided 
off  into  360  equal  parts,  called  degrees,  each  degree  is  sub- 
divided into  60  equal  parts,  called  minutes,  and  each  minute 
into  60  equal  parts,  called  seeoTids.  Degrees  are  expressed 
thus:°  minutes,  thas:'  seconds,  thus:" 

A  Quadrant  of  a  circle  will  therefore  contain  90  degrees, 
and  a  Semicircle  180  degrees. 

The  Measure  of  every  plane  angle  is  an  arc  of  a  circle,  whose 
centre  is  the  angular  point,  and  is  said  to  be  of  so  many  degrees, 
minutes  and  seconds,  as  are  contained  in  its  measuring  arc 

The  Complement  of  an  arc  or  angle,  is  what  it  wants  of  a 
right  angle  or  90  degrees. 

The  Supplement  of  an  arc  or  angle,  is  what  it  wants  of  two 
right  angles  or  180  degrees.  .  i ' 

The  Magnitudes  of  arcs  or  angles,  are  determined  by  certain 
straight  lines,  appertaining  to  a  circle,  called  Chords,  Sines, 
Tangents  and  SecarUs, 

The  Chord  of  an  arc  is  a  straight  line,  joining  its  extreme 
points. 

The  SiTie  of  an  arc  is  a  line  drawn  from  either  end  of  it, 
perpendicular  to  a  diameter  meeting  the  other  end. 

The  Tangent  of  an  arc  is  a  line  proceeding  from  either  end, 

perpendicular  to  the  radius  joining  it;  the  length  of  which  is 

limited  by  aline  drawn  from  the  centre  through  the  other  end. 

The  SeearU  of  an  arc  ts  the  line  proceeding  &om  tlie  centre, 

and  limiting  the  tangent  of  the  same  arc. 

The  Versed  Sine  of  an  arc  is  that  part  of  the  diameter  in- 
tercepted between  the  sine  and  the  end  of  the  siud  arc.     1 1^  |  e 


is  the   Sine, 


The  Co'Sine,  Co~Tangent,  etc.,  of  any 
Tangent,  etc.,  of  its  complement.     Thus : 
.    FO.isthe  CAorrfofthe 

arc  FVO. 
'      FR,  is  the  Sine  of  the 
arcs  VF  and  FAD. 
VT,  is  the  Tangent  of 
the  arc  FV. 
N    CT,  is  the  5eca«(  of  the 
\       arc  FV. 
\   RY,  RD,  are  the  Ver- 
'      sed  Sines  of  the  arcs, 

FV,  and  FAD. 

/  FG  is  the  Co-Sine,  AI  the  Co-  Tangent,  and  CI  the  Co-Secant 
M  the  arc  FV. 

The  Chord  of  60",  the  Sine  of  90=",  the  Versed-Sine  of  90", 
the  Tangent  of  45°,  and  the  Secant  of  0°  are  all  equal  to  the 
radius. 

It  is  obvious  that  in  making  use  of  these  lines,  the  same 
radius  must  always  be  used,  otherwise  there  would  be  no 
settled  proportions  between  them. 

.    A   Theorem  is  a  proposition,  wherein  something  is  proposed 
to  be  demonstrated. 

A  Problem  is  a  proposition,  wherein  something  is  to  be 
done  or  effected. 

A  Lemma  is  some  demonstration,  previous  and  necessary, 
■   to  render  what  follows  the  more  easy. 

A  Corollary  is  a  consequent  truth,  which  follows  immediate- 
ly from  some  preceding  truth  or  demonstration. 
A  Scholium  is  a  remark  or  observation. 
An  Axiom  is  a  proposition,  which  is  assumed  to  be  true, 
without  demonstration. 

A  Postulate  is  something,  which  is  assumed  as  possible 
to  be  done,  without  demonstrating  how  it  is  to  be  donfc-  r 


AXIOMS. 

1.  Things  which  are  equal  to  the  same  thing,  are  equal  to 
one  another, 

2.  If  equals  be  added  to  equals,  the  \vholes  are  equal. 

3.  If  equals  be  taken  from   equals,  the  remainders   are 
equal. 

4.  If  equals  be  added  to  uuequals,  the  wholes  are  equals. 

5.  If  equals  be  taken  from  unequals,  tbe  remainders  are 
unequal  3. 

6.  Things  which  are  double  of  the  same,  are  equal  to  one 
another. 

7.  Things  which  are  halves  of  the  same,  are  equal  to  one 
another. 

8.  Magnitudes  which  coincide  with  one  another,  that  is, 
which  exactly  fill  the  same  space,  are  equal  to  one  another. 

9.  The  whole  is  greater  than  ite  part. 

10.    All  right  angles  are  equal  to  one  another. 


POSTULATES. 

1.  That  a  right  line  may  be  drawn  from  any  one  given 
point  to  another. 

2.  That  a  right  line  may  be  produced  or  continued  at 
pleasure. 

3.  That  from  any  centre  and  with  any  radius  the  circum- 
ference of  a  circle  may  be  described. 

4.  It  is  also  required,  that  the  equality  of  lines  and  angles 
to  others  given,  be  granted  as  possible  :  That  it  is  possible 
for  one  right  line  to  be  perpendicular  to  another,  at  a  given 
point  or  distance ;  and  that  every  magnitude  has  its  half,  third, 
fourth,  &c.,  part. 
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SIGNS. 

The  Sign  =  denotes  the  quantities  between  which  it  stands 
to  be  equal. 

The  Sign  +  denotes  the  quantity  it  precedes  to  be  added. 

The  Sign  —  denotes  the  qoantity  which  it  precedes  to  be 
subtracted. 

The  Sign  x  denotes  the  quantities  between  them  to  be  mul- 
tiplied into  each  other. 

The  Sign  -i-  stands  for  division. 

The  Sign  >  greater  than. 

The  Sign  <  less  than. 

The  Sign  «?  Difference  between. 

To  denote  that  four  quantities,  A,  B,  C,  D,  are  proportional, 
they  are  usually  written  thus:  A:B::C:  D, -and  read  thus : 
A  is  to  B,  so  is  C  to  D ;  but  when  three  quantities,  A,  B,  C, 
are  proportional,  the  middle  quantity  is  repeated,  and  they  are 
written  A :  B  : :  B  :  C. 
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CHAPTER  II. 


PRACTICAL    GEOMETRY. 


GEOMETKICAL  THEOREMS. 
Theobbm  I. 


IJ  a  right  line  falls  on  another,  as  AB,  or  EB  does  on  CD,  it 
other  makes  with  it  two  right  angles,  or  two  angles  equal  to 


1.  If  AB  be  perpendicular  to  CD, 
then  the  angles  CBA  and  ABD,  will 
be  each  a  right  angle. 

2.  Bat  if  EB  fall  obliquely  on  CD, 
then  will  the  angles  DBE  +  EBC  = 
DBE  +  EBA  (=  DBA)  +  ABO,  or 
to  two  right  angles.    Q.  E.  D. 

Corollary  1.  If  any  nnmber  of  right  lines  are  drawn  from 
one  point  on  the  same  side  of  a  right  line;  all  the  angles  made 
by  these  lines  will  be  equal  to  two  right  angles. 

Cor.  2.  All  the  angles  which  can  be  made  abont  a  point, 
will  be  equal  to  four  light  angles. 


Theo.  IL 
If  one  right  line  crossei  another,  as  AC  does  BD,  the  opponte 
angles,  made  bg  those  lines,  will  be  equal  to  each  other,  that  is 
AEB  to  CED  and  EEC  to  AED. 

By  Theorem  I.  BEO  +  CED  =  2 
right  angles,  and  CED  +  DEA  =  2  X* 

right  angles.  / 

Therefore  (by  Axiom  1.)  EEC  +   j 
CED  =  CED  +  DEA,  take  CED 
from  both,  and  there  remains  EEC 
=  DEA.  (by  Axiom  3.) 

In  the  same  manner  CED  +  AED  =  2  right  angles ;  and 
AED  +  AEB  =  2  right  angles;  wherefore  taking  AED  from 
both,  there  remains  CED  =  AEB.    Q.  E.  D. 


Theo.  m. 
If  a  right  line  crosses  two  parallel  lines  as  GH  does  AB  and 
CD  then, 

\st.  The  sum  of  the  interior  angles  on  the  same  side  will  be 
equal  to  two  right  angles,  that  is  AEF  +  CFE  equal  to  two 
right  angles  and  BEF  +  DFE  equal  to  two  right  angles, 

2nd.  The  alternate  angles  will  be  equal,  that  is  AEF  = 
EFD  and  BEF  =  CFE. 

3rd,  The  exterior  angle  will  be  equal  to  the  interior  and  op- 
posite one  on  the  same  side,  that  is  AEG  =  CFE  and  BEG 
=  DFE. 

IsL  If  the  angles  AEF  and  CFE  be  not  equal  to  two  right 
angles,  let  them,  if  possible,  be  greater  than  <^ 

two  right  angles ; — then  because  the  lines 
AE  and  CF  are  not  more  parallel  than 
EE  and  FD,  the  angles  BEF  and  DFE  are 
also  greater  than  two  right  angles.  There- 
fore the  four  angles  AEF,  CFE,  BEF,  DFE 
are  greater  than  four  right  angles  and  (by  Theorem  L) 
they  are  also  equal  to  foar  right  angles  which  is  absurd. 

In  the  same  manner  it  may  be  shown  that  the  angles  AEF 
and  CFE  cannot  be  less  than  two  right  angles.    Therefore 


they  are  eqnal  to  two  right  angles.  Wherefore  also  the  an- 
gles BEF  and  DFE  are  equal  to  two  right  angles. 

2nd.  Now  AEF  +  CFE  =  two  right  angles.  Again  (by 
Theorem  L)  CFE  +  DFE  =  two  right  angles.  Therefore 
(by  Axiom  1)  AEF  +  CFE  =  CFE  +  DFE.  Take  away 
CFE  from  both  and  there  remains  AEF  =  DFE  (by  Axiom  3> 
In  the  same  manner  we  prove  that  BEF  =  CFE. 

3rd.  Now  BEF  =  CFE,  and  (by  Theorem  II.)  BEF  = 
AEG.  Therefore  AEG  =  CFE  (by  Axiom  1.)  In  the  same 
way  we  prove  BEG  =  DFE.    Q.  K  D. 

Theo.  IV. 
If  in  any  triangU  ABC,  one  of  its  sidef  ai  SC  is  produced 
towards  D,  it  will  vtake  the  external  angle  A  CD  equal  to  the 
two  internal  opposite  angles  taken  together  ;  viz.  to  B  and  A. 
Through  C  let  CE  be  drawn  parallel 
to  AB ;  then  since  BD   cuts   the   two         K 
parallel   lines,    BA,    CE;     the    angle        /  \ 
ECD  =  B,  (by  part  3  of  the  last  Theo.)     /       \ 
and  again,  since  AC  cnta    the    same   /  \ 

parallels,  the  angle  ACE  =-  A  (by  part  *  ^  * 

2  of  the  last  Theo.)  Therefore  ECD  +  ACE  =  ACD 
=  B  +  A.  Q.  E.  D. 

Theo.  V. 
In  any  triangle  ABC,  all  the  three  angles  taken  together  are 

equal  to  two  right  angles,  viz.  A   .{■  B   ■\-   ACB  =  two 

right  angles. 

Produce  BC  to  any  distance  as  D, 
then  (by  the  last  Thea)  ACD  =■  B  + 
A;  to  both  add  ACB;  then  ACD  + 
ACB  «  A  +  B  +  ACB:  But  ACD 
+  ACB  ==  2  right  angles  (by  Theo. 
I.),  therefore  the  three  angles  A  •}.  B 
+  ACB  =  2  right  angles.     Q.  E.  D.      i 

Cor.  1.  If  one  angle  of  a  triangle  be  known,  the  sum 
of  the  other  two  is  also  known:  For  since  the  three  angles 


of  every  triangle  contain  two  right  angles  or  180  degrees, 
therefore  180  less  the  given  angle  will  be  equal  to  the  sum  of 
the  other  two;  or  180  less  the  sam  of  two  given  angles, 
gives  the  other  one. 

Oor.  2.  In  every  right-angled  triangle,  the  two  acate 
angles  ^  90  degrees,  or  one  right  angle :  Therefore  90  de- 
grees less  one  acate  angle,  gives  the  other  angle. 

Cor.  3.  All  the  interior  angles  of  any  rectilineal  figure, 
together  with  font  right  angles,  are  equal,  to  twice  as  many 
right  uigles  aa  the  figure  has  sides. 

For  any  rectilineal  figure 
ABODE,  can  be  divided  into  as 
many  triangles  as  the  figure  has 
sides,  by  drawing  straight  lines 
from  a  point  F  within  the  figure 
to  each  of  its  angles.  And,  by 
this  Theorem,  all  the  angles 
of  these  triangles  are  equal  to 
twice  as  many  right  angles  as  there  are  triangles,  that  is,  as 
there  are  sides  of  the  figure :  and  the  same  angles  are  equal  to 
the  angles  of  the  figure,  together  with  the  angles  at  the  point 
F,  which  is  the  common  vertex  of  the  triangles ;  that  is,  toge- 
ther with  four  right  angles.  Therefore  all  the  angles  of  the 
figure,  together  with  four  right  angles,  are  equal  to  twice  as 
many  right  angles  as  the  figure  has  sides. 

Cor.  4.    All  the  exterior  angles  of  any  rectilineal  figure 
are  together  equal  to  four  right  angles. 
Because  every  interior  angle 

ABC,  with  its  adjacent  exterior 

ABD,  is  equal  to  two  right 
angles;  therefore  all  theinterior, 
together  with  all  the  exterior 
angles  of  the  figure,  are  equal 
to  twice  as  many  right  angles 
as  there  are  sides  of  the  figure; 
that  is,  by  the  foregoing  corollary,  they  are  equal  to  all  the 
interior  angles  of  the  figure,  together  with  four  right  angles; 
therefore  all  the  exterior  angles  are  equal  to  four  right  angles. 


Theo.  VI. 

Jfin  any  ttco  triangles,  ABC,  DEF,  there  be  two  sides,  AB, 
A  C,  in  the  one,  severally  equal  to  two  sides,  DE,  DF,  in  the 

other,  and  the  angle  A  contained  between  the  two  sides  in  the 
one,  equal  to  the  angle  D  in  the  other ;  then  the  remaining 
angles  of  the  one,  will  be  severally  equal  to  those  of  the  otiter, 
viz:  B  =  E  and  C  =  F;  and  the  base  of  the  one,  BC,  will' 
be  equal  to  EF,  that  of  the  other. 

If  the  triangle  ABC  be  snp- 

posed  to  be  laid  on  the  triangle 

D£F,  so  as  to  make  the  points 

A  and  B  coincide  with  D  andE, 

which  they  will  do,  because  AB 

=  DE ;  and  since  th«  angle  A 

=  D,  the  line  AC  will  fall  along  DF,  and  inasmuch  as  they 

are  supposed  equal,  C  will  fall  in  F;  seeing  therefore  the 

three  points  of  one  coincide  with  those  of  the  other  triangle, 

they  are  manifestly  equal  to  each  other ;  therefore  the  angle 

B  =  EandC=r,andBC  =  EF.    'Q.E.D. 


LkhiiiU.. 


If  two  sides  of  a  triangle  ABC  be  equal  ta  each  other,  that  is 
j^C  =  CH  ;  the  angles  which  are  opposite  to  those  equal  sides, 
mil  also  be  equal  to  each  otlier,  viz ;  A         " 

For  let  the  triangle  ABC  be  divided 
into  two  triangles  CDA,  ODB,  by  mak- 
ing the  angle  ACD  =  DCB  (by  postu- 
late 4)  then  because  AC  =  BO  and  CD 
common,  the  triangle  ADC  =  CDB  ; 
and  therefore  the  angle  A  =  B.  Q.  E.  D. 

,  Cor.  If  from  any  point  in  a  perpendicular  which  biaecta 
a  given  line,  there  be  drawn  right  Uues,  to  the  extremities 
of  the  given  one.  they  with  it  wiU  form  aa  isosceles^triau-te^^^ 


Theo.  VIL 

The  angle  BCD,  at  the  centre  of  a  circle  ABED,  is  doubU 
tlie  angle  BAD  at  tlie  circumference. 

Through  the  point  A,  and  the  centre 
C,  draw  the  line  ACE :  Then  the  angle 
ECD  =  CAD  +  CDA;  (by  Theo.  4)  B^ 
bat  since  AC  ^  CD  being  radii  of  the 
same  circle,  it  is  plain  (by  the  preceding 
Lemma)  that  the  angles  subtended  by 
them,  will  be  also  equal,  and  that  their  s 
either  of  them,  that  is  DAC  +  ADC  is  double  of  CAD,  and 
therefore  ECD  is  double  of  CAD ;  in  the  same  manner  BCE 
is  double  of  CAB,  wherefore,  BCE  +  ECD  or  BCP  is  double 
of  BAC  +  CAD  or  of  BAD.    Q.  E.  D-  * 

Cor.  1.  An  angle  at  the  circumference  is  measured  by 
half  the  arc  it  subtends  or  stands  on. 

Cor.  2.  All  angles  at  the  circum- 
ference of  a  circle  which  stand  on  the 
same  chord  as  AB,  are  equal  to  each  other 
or  they  are  all  measured  by  hp'"  the  arc 
they  stand  on,  viz.  by  half  the  arc  AB. 

Cor.  3.  An  angle  in  a  segment  greater  thatf  a  semi- 
circle is  less  than  a  right  angle;  thus  ADB  Is  measured  by 
half  the  arc  AB,  but  as  the  arc  AB  is  less  than  a  semi-circle, 
the  arc  AB  or  the  angle  ADB  is  less  than  half  a  semi- 
circle, and  consequently  less  than  a  right 

Cor.  4.  An  angle  in  a  segment  less 
than  a  semi-circle  is  greater  than  a  right 
angle,  for  since  the  arc  AEC  is  greater 
than  a  semi-circle,  its  half,  which  is  the 
measure  of  the  angle  ABC,  .must  be 
greater  than  half  a  semi-circle,  that  is, 
greater  than  a  right  angle. 

Cor.  5.  An  angle  in  a  semi-circle  is 
a  right  angle,  for  the  measure  of  the 
angle  ABD,  is  half  of  a  semi-circle  AED, 
and  therefore  a  right  angle. 


If  from  the  centre  C  of  a  circle  ABE,  there  he  let  fall  the 

perpendicular  CD  on  ike  chord  AB,  it  will  bisect  it  in  the 

point  D. 

Let  the  lines  CA  and  GB  be  drawn 
from  the  centre  to  the  extremities  of  the 
chord,  then  since  CA  =  CB,  the  angle 
CAB  =  CB  A  (by  the  Lemma  Theo.  6). 
But  the  triangles  ADC,  BDC  are  right- 
angled  triangles,  since  the  line  CD  is  a 
perpendicular;  therefore  the  angle  ACD  =  DCB ;  {by  Cor.  2. 
Theo.  it^  then  we  have  AC,  CD,  and  the  angle  ACD  in  one 
triangle,  severally  equal  to  CB,  CD,  and  the  angle  BCD  in 
the  other :  Therefore  (by  Theo.  6).  AD  =  DB.     Q.  E.  D. 

Cor.  Hence-  it  follows,  that  any  line  bisecting  a  chord  at 
right  angles  is  a  diameter;  for  a  line  drawn  from  the  centre 
perpendicular  to  a  chord,  bisects  that  chord  at  right  angles; 
therefore  vice  verslt  a  line  bisecting  a  chord  at  right  angles 
mast  pass  through  the  centre,  and  consequently  be  a  diameter. 

-♦K- 

Theo!  IX. 

If  from  the  centre  of  a  circle  ABE  there  he  drawn  a  perpen- 
dicular  CD  on  the  chord  AB,  and  produced  till  it  meets  the 
circle  in  F,  that  line,  CF,  will  bisect  the  arc  AB  in  the  point  F. 

Let  the  lines  AF  and  BF  be  drawn, 
then  in  the  triangles  ADF,  BDF;  AD 
=-  BD  {by  the  last  Theo.) ;  DF  is  com- 
mon, and  the  angle  ADF  -=  BDF  being 
both  right  angles,  for  CD  or  DF  is  a  per- 
pendicular. Therefore  (by  Theo.  6.); 
AF  =-  FB ;-  but  in  the  same  circle  equal  lines  are  chords  of 
equal  arcs,  since  they  measure  them ;  whence  the  arc  AF  <» 
FB,  and  so  AFB  is  bisected  in  F,  by  the  line  CF. 

Cor.  The  sine  of  an  arc  is  half  the  chord  of  twice  that 
arc  For  AD  is  the  sine  of  the  arc  AF,  AF  is  half  the  arc, 
and  AD  half  the  chord  AB  (by  Tlieo.  8.) 


Theo.  X. 

In  any  triangle  ABD,  the  half  of  each  side  is  the  sine  of  the 
opposite  angle. 
Let  the  circle  ABD  be  drawn  through 
the  points  A,  B,  D;  then  the  angle 
DAP  is  measured  by  half  the  arc  BKD, 
(by  Cor  1.  Theo.  7)  viz :  the  chord  of 
BK  is  the  measure  of  the  angle  BAD ; 
therefore  (hy  Cor.  to  the  last  Theo.)  BE 

the  half  of  BD  is  the  sine  of  BAD:  In  the  same  way  may  be 
proved  that  half  of  AD  is  the  sine  of  ABD,  and  the  half  of 
AB  the  ajne  of  ADB.  ■  Q.  E.  D. 


Theo.  XI. 

Jf  two  equal  and  parallel  lines  A  B,  CD,  be  joined  hy  two  other 
lines  AD,  BU,  tlwse  lines  mil  be  also  equal  and  parallel. 

Let  the  diagonal  BD  be 
drawn,  and  we  have  the  two  tri- 
angles ABD,  CDB;  whereof 
A  li  in  one  is  equal  to  CD  in  the 
other,  DB  being  common  to 
both,  and  the  angle  ABD  = 
CDB  {by  Part  2.  Theo  3.) ; 
therefore  (by  Theo.  6.)  AD  = 
,  CB,  and  the  angle  CBD  =  ADB,  consequently  the  lines  AD 
and  EC  are  parallel. 

Cor.  L  The  quadrilateral  figure  ABCD  is  a  parallelo- 
gram, and  the  diagonal  BD  bisects  the  sam^  inasmuch  aa 
the  triangle  ABD=  BDO,  as  now  proved. 

Cor.  2.  The  triangle  ADB  on  the  base  AB,  and  between 
the  same  parallel  with  the  parallelogram,  ABCD,  is  half  the 
parallelogram. 

Cor.  3.  It  is  also  plain,  that  the  opposite  sides  of  a 
parallelogram  are  equal ;  for  it  has  been  proved  that  ABCD 
being  a  parallelogram,  AB  =  CD  and  AD  =BC. 
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AU  parallelefframs  on  the  same  or  equal  bases  and  between  the 
same  paraUeb  are  equal  to  one  another,  that  isifBD  i=  GH, 
and  the  lines  BH  and  AF  are  parallel,  then  the  paralelhgram 
ABDC=  BDFE=  EFGH. 
For  AG  =  DB  =  EF  (by 
Cor.  3d  laat  Theo.)  to  both  add 
CE,  Ihen  AE  =  CF.     In  the 
triangles  ABE.   CDF;AB  = 
CD  and  AE  =  CF  and  the 
angle  BAE  =  DCF  (by  part  3. 
Theo.  3.) ;  therefore  the  triangle  ABE  =  CDF  (by  TJeo.  6.) ; 
let  the  triangle  OKTl  be  taken   from  both,  and  we  have  ths 
trapeziuia  ABKC^]SDFE;  to  each  of  these  add  the  triangle 
BKD,  then  tlie  parallelogram  A  BCD  =  BDEF;  in  like  man- 
ner  we  may   prove  the    parallelogram   EFHG  =   BDEF. 
Therefore  ABDC  =  BDEF  =  EFHG.    Q.  E.  D. 

Cor.  Triangles  on  the  same  or  equal  bases  and  between 
the  same  parallels,  are  eqnal,  seeing  (by  Cor.  2.  Theo.  11.) 
they  are  the  halves  of  their  respective  parallelograms. 


Theo.    XIH. 

In  every  right-angled  trianple  ABC,  the  square  of  tJie  hy- 
pothenuse  or  longest  side,  BC,  or  BCMH,  is  equal  to  the 
sum  or  the  squares  made  on  the  other  iivo  aides,  AD  and  A  C, 
that  is,  to  ABDE  and  ACGF. 

Through  A  draw  AKIj  per- 
pendicular to  the  hypothenuse 
BC,  join  AH,  AM,  DC  and 
EG;  in  the  triangles  BDC, 
ABH,  BD=BA  being  sidea 
of  the  same  square,  and  also  BC 
K=  BH,  and  the  included  angle 
DBC=  ABH,  (for  DBA  — 
CBH  being  both  right  angles, 
to  both  add  ABC,  then  DBC 
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—  ABH),  therefore  the  triangle  DBC=  ABH  (by  Thea  6.); 
but  the  triangle  DBO  is  half  of  the  sqnare  ABDE  (by 
Cor.  2.  Theo.  11.)  and  the  triangle  ABH  is  half  the  paral- 
lelogram BKLH  (by  the  same  Theo.) ;  therefore  half  the  sq^nare 
ABDE  is  equal  to  half  the  parallelogram  BKLH,  and  the 
square  ABDE  equal  to  the  parallelogram  BKLH.  In  the 
same  way  may  be  proved,  that  the  square  ACGF)  is  equal 
to  the  parallelogram  KCLM.  So  ABDE  +  ACGF  the 
sum  of  the  squares,  =■  BKLH  =  KCML,  the  sum  of  the 
two  parallelograms  or  square  6CMH ;  therefore  the  sum 
of  the  squares  on  AB  and  AC  is  eqiuJ  to  the  square  oq 
BO.    Q.  E.  D. 

Cor.  Ir  The  hypothenuse  of  a  right-angled  triangle  may 
be  found  by  having  the  other  two  sides;  thus,  the  square  root 
of  the  sum  of  the  squares  of  the  base  and  perpendicular,  will 
be  the  hypothenuse. 

Cor.  2.  Having  the  hypothenuse  and  one  side  given  to 
find  the  other;  the  square  root  of  the  difference  of  the 
squares  of  the  hypothenuse  and  given  side  will  be  the 
required  side. 


/n  all  circles  the  chord  of  60  degrees  is  aheayt  equal  in 
length  to  the  radius. 

Thus  171  the  circle  AEBD,  if  the  arc  AEB  be  an  arc  of  60 
degrees,  and  the  chord  AB  be  draxon ;  then  AB=^  CB—'  AC. 

In  the  triangle   ABC,    the   angle 
ACB  is  60  degrees,  being  measured  by 
the  arc  AEB ;  therefore  the  sum  of  the 
other  two  angles  is  1 20  degrees  {by  Cor. 
1.  Theo.  5.)  but  since  AC  —  CB,  the 
angle  CAB'  —  CBA  (by  Lemma  Theo. 
6.)  consequently  each  of  them  will  be  60,  the  fialfofl20  de- 
grees, and  the  three  angles  will  be  equal  to  one  another,  as  well 
as  the  three  aides  :  Therefore  AB  —  BC  =  AC.     Q.  E.  D. 
D„:,iP<.-jM,C00glc 


Theo.  XV. 

If  in  two  triangles  ABC,  abc,  all  the  angles  of  one,  be  each 
respectively  equal  to  all  the  angles  of  the  other,  that  is  A  =  a, 
B^b,  C^^c:  then  the  sides  opposite  to  the  equal  angles  mil 
he  proportional,  viz: 

AB:  ah::  AC:  ae 
AB:  ab::  BC:  Ac 
and  AC:  ac::  BC:  be 
For  the  triangles  being  in- 
cribed  in  two  circles,  it  ia  plain  k/- 
since  the  angle  A  =  a,  the  arc 
BDC  —=  bdc,  and  consequently 
the  chord   BC  is  to  be,  as  the 
radius  of  the  circle  ABC  ia  to 
the  radius  of  the  circle   abc;  (for  the  greater  the  radius  ia, 
the  greater  is  the  circle  described  by  that  radius ;  and  <;on- 
sequently  the    greater    any    particular    arc    of  that   circle 
is,  so  the  chord,  sine,  tangent,  &c.   of  that  arc  will  be  also 
greater;  therefore  in  general,  the  chord,  sine,  tangent,  &c.  of 
any  arc  ia  proportional  to  the  radius  of  the  circle) ;  the  same 
way  tho  chord  AB  ia  to  the  chord  ab,  in  the  same  proportioiu 

Therefore  AB;  ab"  BC:  be;  in  the  same  manner  the  rest 
may  be  proved  to  be  proportional 

Theo.  XVI. 
If  from  a  point  A  without  a  circle  DBC.E,  there  be  drawn 
two  lines  ADE,  ABC,  each  of  them  cutting  the  circle  in  two 
points;  the  product  of  one   whole  line  into  its  external  part, 
viz:  AC  into  AB,  will  be  equal  to  that  of  the  other  line  into  its 
external  part,  viz:  AE  into  AD. 
Let  the  lines  DC,  BE  be  drawn, 
in  the  two  triangles  ABE,  ADC  ; 
the  angle  AEB      ACD,  (by  Cor. 
2.  Theo.  7.)  theangle  Ais  common, 
and(byCor.  l.Theo.5.)theangle 
ADC= ABE;  therefore  the  trian- 
gles ABE,  ADC  are  mutually  equiangular,  and  consequently, 
(by  the  last  Theo.)  AC :  AE  : :  AD :  AB ;  wherefore  AC  mul- 
ti^ied  by  AB,  will  be  equal  to  AE  multiplied  by  AD.  QLE.>Ogfc 


theo.  xvir. 


TriangUi  ABC,  BCD,  and  parallehgrams  ABCF,  BDEC 

having  the  tame  altitude,  have  the  same  propotiion  between 

themselves  as  their  bases  AB  and  BD. 

I C^ 

Let  any  aliquot  part  of  AB 
be  taken,  which  will  also  mea- 
sure BD:  suppose  that  to  be 
A^,  which  will  be  contained 
twice  in  AB,  and  three  times 
in  BD,  the  parts  Ag,  gB,  Bh,hi 
and  !D  being  all  equal,  and  let 
the  lines  gC,  hC,  iC  be  drawn  :- 

Tlien  (by  Cor.  to  Theo.  12.)  all  the  small  triangles  AgC, 
gCB,  BCh,  &c.  will  be  equal  to  each  other,  and  will  be  as 
many  as  the  parts  into  which  their  bases  were  divided; 
therefore  it  will  be,  as  the  sum  of  the  parts  in  one  base, 
is  to  the  sum  of  those  in  the  other,  so  will  be  the  sum  of 
the  small  triangles  in  the  first,  to  the  sum  of  the  small  triauglea 
in  the  second  triangle ;  that  is  AB :  BD ; :  ABC :  BDC. 

Whence  also  the  parallelograms  ABCF  and  BDEC  being 
(by  Cor.  2.  Theo.  U.)  the  doubles  of  the  triangles,  are  like- 
wise as  their  bases.     Q.  E.  D. 


Theo.  XVin. 

Triangles  ABC,  DBF,  standing  upon  equal  bases,  AB  and  DE, 
are  to  each  other  as  their  altitudes  CG  and  FH, 

Let  Bl  be  perpendicular  to 
AB  and  equal  to  CG,  in  which 
let  KB  =  J*!!,  and  let  AI  and 
AK  be  drawn, 

The   triangle   AIB  =  ACB 
(by   Cor.   to    Tlieo.    12.)   and 
AKB  =  DEF;  but  (by  Theo.  17.)  BI:  BK  ::  ABI:  ABK. 
ThatisCG  :FH::ABC:DEF.     Q.  E.  D. 
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If  a  right  Une  BE  he  drawn  parallel  to  one  side  of  a  triangle 
ACD,  it  will  cut  the  ttoo  other  sides  proportionally,  viz ;  AB\ 
BC::AE:ED.  ^ 

Draw  CE  and  BD;  the  triangles 
BEC  and  EBD  being  on  tbe  same  base 
BE  and  nnder  the  same  parallel  CD, 
will  be  equal  (by  Cor.  to  Theo.  12.), 
therefore  (by  Theo.  17.)  AB  :  BC  :: 
(BEA  :  BEC  or  BEA:  BED)  ::  AE  : 
ED.    Q.  E.  D.  "  ' 

Cor.  1.  Hence  AC  :  AB  ::  AD  :  AE:  for  AG:  AB  :: 
(AEC  :  AEB  : :  ABD :  AEB) : :  AD :  AE. 

Cor.  2.  It  also  appears  that  a  right  line,  which  divides 
two  sides  of  a  triangle  proportionally,  must  be  parallel  to  the 
remaining  side. 

Cor.  3.  Hence  also  Theo.  15.  is  manifest:  since  the  sides 
of  the  triangles  ABE,  ACD  being  equiangular,  are  propor- 
tional 


Theo.  XX. 

If  two  triangUt  ABC,  ADE,  kave  one  angle  BAC,  equal 
to  one  angle  DAE,  and  the  sides  about  the  equal  angles 
proportional,  that  is  AB :  AD  '.'.AC:  AE)  then  the  triangles 
mil  be  mutually  equiangular. 

In  AB  take  Ad  —  AD,  and 
let  de  be  parallel  to  BC,  meet- 
ing AC  in  e. 

Because  (by  the  first  Cor.  to 
tbe  foregoing  Theo.)  AB  :  Ad 

::(AD)AC:Ae,andAB:AD::     ^  ^^'t  t~ 

AC :  AE ;  therefore  Ae  =>  AE  seeing  AC  bears  the  same 
proportion  to  each;  and  (by  TJieo.  6.)  the  triangle  Adc  ^ 
ADE,  therefore  the  angle  Ade  ^  D  and  Aed  =•  E,  but  since 
ed  and  BC  are.  parallel  (by  part  3.  Theo.  3.)  Ade  =  B,  and 
Aed  =  C,  thereforeB=DandG  =  K     Q.  E.  D.  ., 
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Equiangular  triangles  ABC,  DEF,  are  to  one  another  in  a 
duplicate  proportion  of  their  homologous  or  H^e  sides;  or  at 
the  squares  AK  and  DM  of  their  homologoui  sides. 

Let  tbe  perpendiculars  CG 
and  FH  be  drawn,  as  well  as 
the  diagonals  BI  and  EL. 

The  perpendiculars  make  the 
triangles  ACG  and  DFH  equi- 
angular, and  therefore  similar 
(by  Thea  15.)  for  because  the  angle  CAG  —  FDH  and  the 
right  angle  AQC  =  DHF,  the  remaining  angle  ACG  — 
DFH,  (by  Cor.  2.  Theo.  5.) 

^Therefore  GC  :  FH : :  (AC  :  DF)  : :  AB :  DE,  or  which  is 
the  same  thing  GC  :  AB : ;  FH  :  DE,  for  FH  multiplied  by 
AB  =  AB  multiplied  by  FH. 

(By  Theo.  18)  ABC :  ABI : :  (CG  :  AI,  or  AB  : :  FH  :  DE, 
or  DL)  :C  DFE :  DLE.  therefore  ABC  :  ABI ::  DFE :  DLE, 
or  ABC :  AK : :  DFE  :  DM,  for  AK  is  double  the  triangle 
ABI,  and  DM  double  the  triangle  DEL,  (by  Cor.  2.  Theo.  1 1.) 
Q.  E.  D. 


Theo.  XXIL 

Like  polygons  ABODE,  abcde,  are  in  a  duplicate  pre^ortion  to 
that  of  the  sides  AB,  ab,  which  are  hetmeen  the  equal  angles 
A  and  B,  and  a  and  b,  or  as  the  squares  of  the  sides  AB,  ab. 

Draw  AD,  AC,  ad,  ac.  A 

NowAB:ab::BC:bc,  and 
also  the  angle  B  •=  b ;  therefore 
(by  Theo.  20.)  BAG  =bac; 
and  ACB  =  acb ;  in  like  man- 
ner EAD  =  ead,  and  EDA  = 
eda.  If  therefore  from  the 
equal  angles  A,  and  a,  we  take  the  equal  on^  EAD  +  BAG 
—  ead  +  bac,  the  remaining  angle  DAC  =  dac,  and  if 
from  the  equal  angles  D  and  d,  EDA   =  eda  be  tak^n,  wa 
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have  ADC  ^  adc :  and  in  like  manner  if  from  C  and  c  be 
taken  BCA  =■  bca,  we  have  ACD  =  acd ;  and  so  tbe  respec- 
tive angles  in  every  triangle  will  be  equal  to  those  in  the 
other. 

(By  Theo.  21.)  ABC :  abc : :  the  square  of  AC  to  the  square 
of  ac,  and  also  ADC :  adc  ■' :  the  square  of  AC  to  the  square 
of  ac  ;  therefore  from  equality  of  proportions  ABC  :  abc  :  I 
ADC :  adc,  in  like  manner  we  may  show  that  ADC :  adc : 
EAD:ead.-  therefore  it  will  be  as  one  antecedent,  is  to  one 
consequent;  so  are  all  the  antecedents,  to  all  the  consequents. 
That  is  ABC :  abc  as  the  sum  of  the  three  triangles  in  the 
first  polygon,  is  to  the  sum  of  those  in  the  last  Or  ABC 
will  be  to  abc,  as  polygon  to  polygon. 

The  proportion  of  ABC  to  abc  (by  the  foregoing  Thea)  is 
as  the  square  of  AB  is  to  the  square  of  ab,  but  the  propor- 
tion of  polygon  to  polygon  ts  as  ABC  to  abc  as  now  shewn : 
therefore  the  proportion  of  polygon  to  polygon  is  as  the 
square  of  AB,  to  the  square  of  ab.     Q.  E.  D. 

Theo.  XXIII. 
Let  DHB  be  a  quadrant  of  a  circle  described  by  the  radius  CB  : 
HBan  arc  of  it,  and  DH  its  complement;  HL  or  FC  the 
sine;  FH  or  CL  its  co-sine;  BK  its  tangent;  DI  its  co- 
tangent; and  CKits  secant;  and  Clits  co-secant. 

1.  The  co-sine  of  an  arc,  is 
to  the  sine,  as  radius  is  to  the 
tangent. 

2.  Radius  is  to  the  tangent 
of  an  arc,  as  the  co-sine  of  it  is 
to  the  sine. 

3.  The  sine  of  an  arc  is  to 
its  co-sine,  as  radius  to  its  co- 
tangent 

4.  Or  radius  is  to^the  co- 
tangent of  an  arc,  as  its  sine  to  its  co-sine. 

5.  The  co-tangent  of  an  arc  is  to  radius,  as  radius  to  t)ie 
tangent. 


K 
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6.  The  co-sine  of  an  arc  is  to  radius,  as  radius  is  to  tbs 
secant 

7.  The  sine  of  an  arc  is  to  radius,  as  the  tangent  ia  to 
the  secant 

The  triangles  CLH,  and  CBK  being  similar,  (bj  Thea  15.) 

1.  CL:LH::CB:  BK. 

2.  Or,  0B:BK::CL:  LH. 

The  triangles  GFH,  and  GDI,  being  similar. 

3.  CP  (or  LH):  FH  ::  CD  :  DI. 

4.  CD:DI::CF,  (or  LH)  :  FH. 

The  triangles  GDI  and  CKB  are  similar;  for  the  angle 
GID  =  KCB,  being  alternate  ones  (by  part  2.  Tbeo.  3.)  the 
lines  OB  and  BI  being  parallel:  Tlie  angle  GDI  ^  CBK 
being  both  right  angles,  and  consequently  the  angle  DCI  ^ 
CKB,  wherefore, 

5.  DI:GD::GB:BK. 

And  again,  making  use  of  the  similar  triangles  CLH, 
and  GBK. 

6.  CL  :  GB  :  CH  :  CK. 

7.  HL  :  CH  :  BK  :  GK. 
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CHAPTER     III. 


PRACTICAL    GEOMETRY. 


GEOMETRICAL   PBOBLEMS. 


To  insect  a  given  right  line  AB,  that  is,  to  ctU  it  at  right  angles 
bg  another  right  line  CD. 

1.  From  the  point  A  as  a  centre,  and 
with  any  radios  greater   than  half  the 

length  of  the   given  line,  describe  the   A 

arcB  a  and  b,  above  and  below  the  said 
line.  2.  With  the  same  radius  and 
from  B  as  a  centre,  describe  the  arcs  c 
and  d,  intersecting  the  former,  3.  Through  the  points  of  inter- 
section, draw  the  line  DE,  which  will  divide  the  given  line  into 
two  equal  parts  in  the  point  C,  as  req^uired. 


Note. — CD  is  a  perpendicnlar  raised  in  the  middle  of  the 
line  AB,  therefore  the  four  angles  about  the  point  C  are  right 
angles :  also  by  this  problem,  a  circle  can  be  divided  into  four 
equal  parts  called  Quadrants.  ,  ,  . 
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To  draw  a  Une  parallel  to  a  given  line  AB. 

Case  I,     When  the  parallel  line  is  to  be  at  a  given  distance- 

1,  Take  two  points  c  and  d 
in  the  given  line ;  and  from  the    G   „e  /"         }t 

points  c  and  d  as  centres,  and     '' 
the  given  distance  for  a  radius, 

describe  the  arcs  e  and/.     2.      __£ *^ 

Draw  the  line   GH,   touching    *     *-  ^         * 

both  arcs  Trithout  catting  them,  and  it  will  be  parallel  to  AB 
as  required. 

Case  II.     When  the  parallel  line  is  to  pass  through  a  given 
point  C. 

1.  Take  an;  point  D,  in  the  ,. 

line  AB,  and  draw  the  line  DC. 
2.  Make  the  angle  ECD  equal 
to  CDB,  and  the  line  EF  will  be 
parallel  to  AB,  as  required. 


Prob.  III. 
To  divide  a  given  line  AB  into  any  number  of  equal  parts. 

1.     Draw  the  line  AC,  and  ..■?-\-"'^ 

make  an  angle  at  B,  equal  to  the  i^.-'-"'\        "■-, 

given  angle  at  A     2.   With  any  f.^.--"'        \        \        \r. 
convenient  distance,  set  oflF  the  N,         "■.,   ^—  'i'" 


number  of  parts  required  (sup-  ■■.,  .,--^ " 

pose  four)  from  A  towards  0,      -'     * 

and  also  the  same  parts  bom  B  towards  D.    3.  Draw  the 

lines  (A.4),  (1.3),  (2.2),  (3.1),  (4.B),  which  will  divide  the 

line  AB,  as  required. 

Note. — This  operation  not  only  divides  AB,  but  also  AC,  or 
BD,  into  four  equal  parts. 
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To  erect  a  perpendicular  from  a  given  point  C  in  a  given 
right  line  AB. 

Case  I.     When  the  given  point  is  near  ike  middle  of  the  line. 
I.  Set  off  two  eqnal  distances  from  it 
on  the  line  AB,  asCaandCb.  2.  With 
any  radiua  greater  than  aC,  and  from  a 
as  a  centre,  describe  an  arc.  3.  With  the 
same  radius,  and  from  6  as  a  centre,       ^ 
describe  another  arc,  cutting  the  former  ^    * 
in  D.    4.  Draw  the  line  CD,  which  will  be  the  perpendicular 
to  4B,  as  required. 
Caie  11.     When  the gioen  point  Cis  at  the  end  of  the  "Rpe,  or 


near  the  end. 

1.  From  any  point  D  {not  in  the  given 
line)  as  a  centre,  and  with  the  radius  DO, 
describe  an  arc,  cutting  AB  iaE  and  C. 
2.  Draw  the  line  EF  through  the  point  , 
D,  cutting  the  arc  in  F.     3.  Through    '■■,g.--' 
the  point  of  intersection  F,  draw  the  line    A  "~--. 
CG,  which  wilt  be  the  perpendicular  required. 


e 


PaoB.  V. 

To  UtfaU  a  perpendicular  from  a  given  point  C,  on  a  given 

right  line  AB. 
1.  From  C  as  a  centre,  describe  an 
arc  cutting  the  given  line  in  two  places, 
D  and  E.  2.  From  D  as  a  centre,  and 
a  radius  longer  than  DG-,  describe  the 
arc  a  a:  and  with  the  same  radius,  and 
from  E  as  a  centre,  describe  another  arc 
cutting  the  first  in  F.  3.  Draw  the  line  CF,  and  CG  is  the 
perpendicular  required. 
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When  the  given  point  C  is  nedrlt/  opposite  the  end  of  the  Une. 


1.  Take  any  two  points  D  and  E,  in 
the  given  line,  and  from  D,  TTith  the  ra- 
dios DC,  describe  an  arc.  2.  rrom  E, 
with  the  radios  EG,  describe  another 
arc ;  then  through  the  points  of  inter- 
section C  and  F,  draw  a  line  and  GG 
will  be  the  perpendicular  recLuired. 


k  t   i 
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To  make  an  aitgle  equal  to  a  given  angle  ABC. 


1.  Draw  the  line  CD:  and 
from  D  as  a  centre,  with  the 
-  radios  DE,  draw  an  arc  BF. 
2.  With  the  same  radius,  and 
from  B,  as  a  centre,  describe  the 
arc  GH.  3.  Set  the  distance  GH 
off  from  E  to  F,  and  through 
F  draw  the  line  DI,  which  will 
be  the  angle  required. 


peob.  vn. 

To  bisect  or  divide  a  given  angle  BAG  into  two  equal  parts, 

1.  From  the  centre  A,  describe  the 
arc  DE  2.  From  the  centre  D,  with 
any  radius  longer  than  half  of  DE, 
describe  the  arc  a  a;  and  from  the  "^ 
centre  E,  with  the  same  radios,  describe 
another  arc  cutting  the  former  in  G. 
3.  Draw  the  line  AG,  and  the  angle  BAC  will  he  divldec 
into  two  equal  paxta  or  angles. 
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Pbob.  Via 


To  divide  a  right  migle  ABC  into  three  equal  parts. 


1.  From  B  as  a  centre,  describe  an 
arc  D£.  2.  With  the  same  radius,  and 
E  for  a  centre,  cross  the  arc  in  b ;  and 
■  with  the  same  radios,  and  D  for  a  centre, 
cross  the  arc  in  o.  3.  Draw  the  Unes 
a  B  and  b  B,  and  the  angle  will  be 
divided  into  three  equal  parts. 


Peob.  IX. 
To  make  an  angle  of  any  proposed  number  of  degrees. 

1.  Take  the  first  60  degrees 
from  a  scale  of  chords  as  a  radius 
and  from  A  as  a  centre,  describe 
an  arc  BC.  2.  Take  the  pro- 
posed number  of  degrees  from 
the  scale  of  chords,  and  set  them 
off  from  B  to  C ;  then  draw  the 
line  AD)  ^d  the  angle  will  be 
made.  If  the  angle  is  to  con- 
tain more  than  90  degrees,  it  must  be  taken  at  two  operations. 

A  scale  of  chords  is  made  by  transferring  the  divisions  on  the 
arc  of  a  quadrant  to  its  chord.  Thus,  suppose  ACB  is  a  qua- 
drant and  the  right  line  BA  the  A|^- 
chord  of  its  arc.  Let  this  arc 
be  divided  into  90  equal  parts  or 
degrees:  then  if  one  foot  of  a 
pair  of  compasses  be  kept  on  the 
point  B,  and  arcs  successively 
described  with  the  other  from 
each  of  the  90  divisions  on  the 
arc  to  meet  BA,  those  arcs  will  diviffi  it  into  a  line  of  choR 
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Pros.  X. 

To  find  the-fittmbfr  of  degrees  contained  in  an  angle  BAC. 

1.  From  A  for  a  centre,  and  with  &  chord  of  60  degrees  for 
a  radius,  describe  the  arc  BC  2.  Take  the  distance  BC,  and 
apply  it  to  the  scale  of  chords,  which  will  show  the  nnmber 
of  degrees.  If  the  angle  contain  more  than  90  degrees,  it 
must  be  taken  at  two  operations. 


Pbob.  XI. 

Upon  a  given  right  line  AB  to  make  an  equilateral  triangle, 

1.  From  the  point  A  as  a  centre, 
and  with  the  radius  AB,  describe  an 
arc;  and  with  the  same  radius  AB,  and 
from  B  as  a  centre,  cross  the  first  arc 
in  C.  2.  Draw  the  lines  CA  and  CB, 
which  will  complete  the  triangle  ABC. 


psoB.  xn. 


To  construct  a  triangle  the  sides  of  which  a 
CD,  and  EF. 

1.  From  the  centre  A,  with  the  line 
CD  as  a  radius,  describe  an  arc;  and 
from  the  centre  B,  and  the  line  EF  as 
a  radius,  intersect  the  first  arc  in  G. 
2.  Draw  lines  from  A  and  B  to  G,  and  £. 
the  triangle  will  be  completed.  C- 
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To  make  a  triangle  BCEequal  to  a  given  quadrilateral  Jtgure 
ABCD. 

Draw  the  diagonal  AO,  and  parallel 
to  it  BE,  meeting  AB  prodaced  ia  E; 
then  draw  CE,  and  ECB  will  be-  the 
triangle  required. 

For  the  triangles  ADC,  AEG  being 
upon  the  same  base  AC,  and  under  the 
same  parallel  EB,  {by  Cor.  to  Theo.  12.)  will  be  equal,  there- 
fore if  ABC  be  added  to  each,  then  ABOD  =  BCE. 


Pkob.  xrv. 

To  make  a  triangle  DHF  equal  to  a  given  Jive-sided  ^gure 
ABODE. 

Draw  DA  and  OB,  and  also 
EH  and  OF  parallel  to  them, 
meeting  A  B  produced  in  H  and 
F;  then  draw  DH,  DF,  and  the 
triangle  HDF  is  the  one  re- 
quired. 

For  the  triangle  DEA  = 
DHA,and  BBC  =  DFB  (by  H  A" 
Cor.  to  Theo.  12.)thereforebyaddingtheseequations  DEA  + 
DEC  =  DHA  +  DFB,  if  to  each  of  these  ADB  be  added; 
then  DEA  +  ADB  +  DBG  =  ABCDE  =  (DHA  +  ABD 
+  DFB)  =  DHF. 

PROB.   XV. 

To   describe -an  isoscekt  triangle  on   the  base   AB,  the  other 

sides  of  which  shall  be  equal  to  the  line  C. 

From  the  points  A  and  B  as  centres, 
and  the  line  C  for  a  radius,  describe  arcs 
intersecting  in  E;  then  draw  the  Unes 
AE  and  BE,  and  the  triangle  will  be 
completed. 
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Pbob.  XVI. 
To  conttruct  a  square  upon  a  given  tine  AB. 
1.  From  the  point  B  erect  the  per- 
pendicular BC,  equal  to  AB ;  and  from 
A  and  0,  with  the    radios  AB,   des> 
cribe  area  intersecting  in  the  point  D. 

2.  Draw  AD  and  CD,  and  the  square 
will  be  completed.     Or,  erect  two  per- 
pendiculars, from  A  and  B,  equal  to  AB,  draw  DC,  and  the 
square  will  he  completed. 

Pbob.  XVIL 

To  construct  a  rectangular  parallelogram,  the  length  and  breadth 

of  which  shall  be  equal  to  tujo  given  lines  AB  and  CB. 

1.  From  the  point  B  at  the 
end  of  the  base  AB,  erect  BC 
perpendicular,  and  equal  to  the 
breadth  CB.  With  the  centre 
A,  and  radius  BC,  describe  an 
arc ;  and  with  the  centre  C,  and  /^ 
radius  AB,  describe  another  arc  intersecting  the  former  in  D.  3. 
Draw  the  lines  AD  and  CD,  and  the  figure  will  be  completed. 

Peob.  xvin. 

To  make  a  rhombus  equal  to  a  given  line  fV. 
I.  Draw  the  line  AE  to  any 
length  greater  than  the  given 
line  W,  and  from  A  set  off  the 
length  of  the  line  W  to  D.  2. 
From  D  as  a  centre,  and  AD  as 
a  radius,   describe  the  arc  P. 

3.  From  A  as  a  centre,  and  the 

same  extent  as  a  radius,  describe     ^  '*  ' 

the  arc  r,  intersecting  the  former  at  B ;  and  with  the  same 
extent  as  a  radios,  and  B  as  a  centre,  intersect  the  first  arc  in 
S.  4.  Draw  the  lines  AB,  BS,  and  SD,  and  the  rhombus  will 
be  completed. 
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To   construct  a  rhomboid,  the  longest  tide  of  tohiek  shall  be 
equal  to  the  Une  A,  and  shortest  side  equal  to  the  line  Z. 


:Jy 


1.  Draw  the  line  CD  eqnal  to         ^ 

A  ;  then  take  the  length  Z  io  — * — 

the  compasses,  and  {if  there  be  / 

no  limitation  to  the  angle),  set  it  / 

from  the  point  C  to  the  point        /  / 

E.  2.     With  the  extent  of  the      C  D 

line  A  as  a  radios,  and  the  point  E  as  a  centre,  describe  the 
arc  j;  then  take  the  line  Z  agmn  as  a  radius,  and  the  point  D 
as  a  centre  and  intersect  the  arc  in  I.  3.  Draw  the  liaes  C£, 
EI,  and  DI,  and  the  rhomboid  CEI D  will  be  completed. 


To  draw  a  tangent  to  a  given  circle,  that  shall  pass  through  a 
given  point  A  in  Vie  circle. 


1.  Draw  the  radius  AO :  and  at  the 
end  of  it  A,  erect  a  perpendicolar  AO. 
2.  Frodnce  the  perpendicular  to  D,  and 
CD  will  be  the  tangent  required. 


When  the  given  point  A  is  without  the  circle. 


1.  Draw  the  line  AB  from  the  given 
point  to  the  centre  of  the  circle  B,  and 
bisect  A  B  in  the  point  C.  2.  With 
the  radius  CB  or  CA,  and  from  C  as  a 
centre,  describe  the  Bemicircle  ADB,  cat- 
ting the  given  circle  in  D;  then  draw  AD, 
which  will  be  the  tangent  required.    . 


PaOB.  XXI. 

Tojind  the  centre  ofagiven  circle. 


Draw  the  chord  AB ;  bisect 
it  at  right  angles  with  the  line 
CD.  Bisect  CD,  and  it  will  give 
the  centre  O,  as  required. 


To  describe  the  circumference  of  a  circle,  through  three  given 
points,  A,  B,  and  C. 

1.  Draw  any  two   rigtt   lines,   AB 
and  BC,  joining  in  the  assumed  point  B. 

2.  Bisect  these  two  lines  with  two  others 
drawn  at  right  angles  to  them,  and  pro- 
duce them  till  they  meet  in  the  point  D. 

3.  "With  the  radius  DB,  DC,   or  DA, 
and  from  D  as  a  centre,  describe  a  circle,  which  will    pass 
through  the  points  required. 


Prob.  XXTTT. 

Tojinda  third  proportional  to  two  given  right  Utks,  AB  and  FC. 

At  either  extremity  of  the 
given  line  AB,  draw  AE  mak- 
ing any  angle  with  it,  take  AG 
equal  to  the  other  given  line 
FC,  and  join  BG.  Produce  AB 
and  make  BD  equal  to  FG,  and 
through  D,  draw  DE  parallel  to 
BG,  and  KG  will  be  the  third 
proportional  to  AB  and  FG,  as  required ;  that  is,  AB  :  FC  : : 
FC ;  GE. 
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Pbob.  XXIV. 

To  find  a  fourth  proportional  to  three  given  lines,  F,  E,  and  O. 

Draw  two  lines  AD  and  AI,   q 
making  any  angle;  mate  AB   *" 
and  BD  equal  to  the  given  lines 
and  E,  and  AC  equal  to  the  line 
G ;  join  BO,  and  through  ] 
draw  DI  parallel  to  BC;  and 
the  line  CI  will  be  the  fourth  proportional  to  F,  E,  and  G : 
thereforeF:E::G:  CL 


■me     \^' 
and  A 


Peob.  XXV. 

To  find  a  mean  proportional  between  two  given  right  line*,  1 
andF. 

Draw  any  right  line,  AC,  and  make  — j — 

AB  equal  to  the  line  E,  and  BG  equal  to 
the  line  F ;  bisect  AC  in  D ;  then  front 
the  centre  D  with  the  radius  DA  des-      / 
cribe  the  semicircle  AIC,  and  from  B    [__ 
erect  BI  perpendicular  to  AC,  meeting    * 
the  circumference  in  I :    BI  will  be  tiie  mean  proportional 
between  E  and  F. 


L 
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CHAPTER  IV. 


LOGARITHMS. 


DEFINITION   AND  PROPERTIES  OP  LOGARITHMS. 

LooABiTBHS  are  artificial  numbers,  so  related  to  each  other 
and  to  the  natural  numbersi  that  the  sum  of  any  two  Logarithms 
is  the  Logarithm  of  the  product  of  their  two  natural  numbers ; 
and  the  difference  of  any  two  Logarithms  is  the  Logarithm 
of  the  quotient  of  their  two  natural  numbers. 

If  to  a  series  of  numbers  in  Geometrical  Progression,  whose 
common  ratio  is  10,  and  first  term  1,  we  annex  another 
series  of  numbers  in  Arithmeticai  Progression,  whose  first  term 
is  0,  and  common  difference  1.  These  latter  nmnbers  will  be 
the  Logarithms  of  the  former,  thus: 


Numbers. 

1 

10 

100 

1000 

10000 


Logarithms. 

.  0.00000 

,.  1.00000 

..  2.00000 

,.  3.00000 

..  4.00000  etc. 


Since  the  Logarithm  of  1  is  0  and  the  Logarithm  of  10  is  P; 
the  Logarithms  of  numbers  between  1  and  10,  will  be  greater 
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than  0,  and  less  than  1,  that  is,  they  may  be  expressed  by 
deciinal  fractiona  having  a  significant  figure  in  the  first  decimal 
place.  As  the  Logarithm  of  10  is  1,  and  the  Logarithm  of 
100  is  2,  the  Logarithms  of  numbers  between  10  and  100,  will 
be  greater  than  1  and  less  than  2 ;  or  thej  will  be  mixed 
numbers,  having  1  in  the  place  of  Integers,  and  the  rest 
decimal  fractions.  In  the  same  manner  the  Logarithms  of  all 
numbers  between  100  and  1000,  will  have  2  in  the  place  of 
Integers^  and  so  on. 

The  integral  part  of  a  Logarithm  is  called  its  index,  and  this 
index  is  always  a  unit  less  than  the  number  of  figorea  in  the 
Integer  number,  whose  Logarithm  it  is.  Thus :  the  index  of 
the  Logarithm  of  a  number  consisting  of  one  figure,  is  0,  of  two 
figures  is  1,  of  three  figures  2,  &c. 

The  index  of  a  Logarithm  shows  how  many  Integer  figures 
the  corresponding  number  consists  of,  being  always  one  figure 
more  than  there  are  units  in  the  index  of  the  Logarithm. 

The  index  of  the  Logarithm  of  a  decimal  fraction  is  negative, 
thns:  the  index  of  .684  Js  —  1,  the  index  of  .0664  is  — ■  2, 
and  of  .00684  is  ■ —  3  and  so  on. 

To  find  the  Logarithm  Of  any  number  less  than  1000. 

Role.  Seek  in  any  Table  of  Logarithms  for  the  given  ntun- 
ber,  in  the  leil  hand  column,  opposite  to  which  is  the  Loga- 
rithm sought  with  its  proper  index  : 

EXAMFLEB. 

The    Logarithm   of    78  is  1.8920946 

„  „  364   „  2.6611014 

„    .         „  987   , 2.9943172  . 

Tofind  tht  Logarithm  of  ant/  number  more  than  1000. 
RuLB.    Find  the  Logarithm  of  the  first  three  fignrea,  take  the 
difference  between  this  and  the  next  Logarithm,  which  multi- 
ply by  the  remwniDg  figures  of  the  given  number,  add  this 
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product  to  the  Logarithm  first  found,  and  the  sum  prefixiog 
the  proper  index,  will  be  the  Logarithm  sought : 

EXAMPI-Ea 
Required  the  Logarithm  of  1786. 

Tlie  Logarithm  of  178  is ^ 2504200 

•^j^e  difference  between  this  and  the  Logarithm 
of  179  is  2433,  which  multiplied  by  6,  the 
remaining  figure]  g^es   - 14598 


Logarithm  of  1786  =     3.2518798 
The  index  becomes  3,   being   1  less  than  the   number  of 
figures  in  the  Integer. 

RecLuired  the  Logarithm  of  84670. 

The  Logarithm  of  846  is ;.      .9273704 

The  diSerence  between  this  and  the  Logarithm 
of  847  is  52,  which  multiplied  by  70,  the 
remaining  figures,  gives  3640 


Logarithm  of  84670  =     4.9277344 
The  index  becomes  4,  being   1   less  than  the  number  of 
figures  in  the  Integer. 

To  find  the  Logantkm  of  a  Fraction. 

Role.     Reduce  the  Fraction  to  a  decimal,  and  find  the 
Logarithm.of  that  decimal,  prefixing  the  proper  index. 

EXAUFLES. 

The  Logarithm  of    J  or     .80  is  —  1.9030900 
„  „    f    or  .375,,  —  1.5740313 

„  „   5>B  or  .025  „  —  2.3979400 

Or — Subtract  the  Logarithm  of  the  denominator  from  the 
Logarithm  of  the  numerator  and  the  remainder  will  be  the 
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Required  the  Logarithm  of  -^■^. 

From  Logarithm  ofS 0.4771213 

Sabtmct  Logarithm  of  16 1.2041200 


Logarithm  ofW  or -1875  =  L2730013 

To  find  the  natural  number  answering  to  any  given  Logarithm. 

Rule.  Seek  in  the  tables  for  the  given  Logarithm,  and  if  it 
be  exactly  found,  the  naturaJ  number  corresponding  to  it  will 
Btand  in  the  left  hand  column. 

EXAHPLGS. 

^  ,         ,  ,        rl.3617278!s 23 

The  natural  nomber  oorrespondmg  J  „  1005739  1^2 

to  the  Loguilhm  of Is^sSOigg? ',',  ".'.".'..  339 

If  the  Logarithm  is  not  found  exactly  in  the  tables,  take  the 
difference  of  the  next  greater  and  the  next  less  Logarithms, 
and  say;  As  this  difiference  is  to  1,  so  is  the  diSerence 
between  the  given  Logarithm  and  the  next  leaser  Logarithm, 
to  a  fourth  number,  which  being  added  to  the  natural  num- 
ber of  the  less  Logarithm,  will  give  the  natural  number 
required. 

Example. 

To  find  the  natural  number  corresponding  to  the  Logaritlim 
of  2.8764321. 

TheLogarithmofthenextlessis  2.8762178)  ,.„ 

*         oc-j^nen^f  difference  18  5772 
„  „  „  greater,,  2.8767950> 

Given  Logarithm  i 2.8764321>  ,._  .    „,  ,„ 

„       .       ,         ...  _„>differencei8  2143 

Next  less  Logarithm  18 2.8762178) 

Then  as  5772  :  1  :  :  2143  :  .37  which  added  to  752,  the 

natural  number  corresponding  with  the  next  less  Logaiithm, 

gives  752.37  the  natural  number  required. 
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LOGARITHMIC  ARITHMETIC. 


HULTI PLICATION    I 


RuLB.  Add  the  Logarithm  of  the  maltiplier  to  the  Loga- 
rithm of  the  multiplicand,  and  the  sum  will  be  the  Logarithm 
of  the  product  required. 

Examples. 

Mnltipl;  384  by  462 

The  Logarithm  of  384  i 2.5843312 

„  „  462, 2.6646420 

Product  177408  answering  to,    6.2489732 

Multiply  48.64  by  394.63 

The  Logarithm  of  48.64  is  1.6869936 

„    ■        „  394.63  is  2.5961901 

Product  19194.80  answering  to, 4.2831837 


Multiply  46.75  by  .3275 

The  Logarithm  of  46.75  is 1.6697816 

„  „  .3275, —1.5152113 

Product  15.31  answering  to,   1.1849929 

In  this  last  Example  the  -{-  1  that  is  to  be  carried  from  the 
decimals,  cancels  the  —  1,  and  there  remains  +  1>  in  the  upper 
line  to  be  set  down. 

NoiH.  WhaMver  U  carried  from  the  decimal  port  of  the  LogaritblD  is  to  be 
added  to  the  afErmatire  indices,  but  sabtractcd  from  the  negative.  likawiae 
the  indices  muat  lie  added  together  ithen  thej  are  all  of  the  Mine  kind,  that 
ia,  when  they  are  all  affirmative  or  negative  ;  but  when  the;  sie  of  diflbrent 
kinds,  the  dilference  muil  be  fonnd,  which  will  be  of  the  Mme  donominatioa 
with  the  greater. 
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Division  bt  Logarithms. 

Rule.  From  the  Logarithm  of  the  dividend,  subtract  the 
Logarithm  of  tha  divisor,  and  the  remunder  will  be  the 
Logarithm  of  the  qaotient. 

Examples. 

Divide  28643  by    4896. 

The  Logarithm  of  28643  is ,     4.4570186 

4896 3.6898414 

Quotient  5.8603  answering  to  ...., 0.7671771 

Divide  28.643  by  48.96. 

The  Logarithm  of  28.643  is    1.4570185 

48.96  „     1.68984.14 

Quotient  .58503  answering  to  _i. 7671771 


The  Rdlb  op  Three  bt  Logarithms. 
Rule.     Add  the  Logarithms  of  the  second  and  third  terms 
together,  and  from  the  sum  subtract  the  Logarithm  of  the 
first  term,  the  remainder  will  be  the  Logariihm  of  the  fourth 
term. 

Example. 
If  89  maands  of  Kice  cost  254   Rupees,   what   will  568 
maun d 9  cost? 

The  Logarithm  of  254  is 2.4048337 

568,, 2.7543483. 

6.1591820 
„  „  89  is 1.9493900 


Quodent  1621  Rs.  nearly,  answering  to 3.2 
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Intolotion  or  Raising  a  Poweb  by  Logarithms. 

Edi.e.  Multiply  the  Logarithm  of  the  root,  bj  the  index 
of  the  power,  and  the  product  will  be  the  Logarithm  of  the 
required  power. 

EXAHPLEB. 
Required  the  square  of  25. 

The  Logarithm  of  25  is 1.3979400 

Multiplied  hj  the  index, 2 

Square  625,  answering  to 2.7958800 

Required  the  365th  power  of  1.0045. 

The  Logarithm  of  1.0045  is 0.0019499 

Multiplied  by  the  index 365 

97495 
116994 
56497 

Power  6.148888,  answering  to 0.7117135 


Evolution  ob  Extbacting  Roots  by  Logabithms. 

Rdlg.    Divide  the  Logarithm  of  the  power  by  its  index,  and 
the  quotient  will  be  the  Logarithm  of  the  root  required. 

Examples. 

Let  it  be  required  to  extract  the  square  root,  tbe  cube  root, 
and  the  biquadrate  root  of  19. 

The  Logarithm  of  19  la  1.2787536. 
2;i.2787536 

0.6393768  =  Logarithm  „  4.359  for  the  square  root 
3;i.2787536 

0.4262512  =  M  »  2.668  for  the  cube  root 

4;i.2787536     , 

0.3196884  =  „  »  2.088  for  the  biquadrate  root.. 
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Of  Losaeithmic  Sines,  Tangents,  etc. 

If  the  radios  be  supposed  any  number  of  equal  parts  as 
10  or  100,  etc  the  sine,  tangent,  etc  of  every  arc,  must 
consist  of  some  number  of  those  equal  parts,  and  by  computing 
them  in  parts  of  the  radius,  we  obtain  tables  of  sines, 
tangents,  etc  to  every  arc  of  Uie  quadrant  called  natural 
sines,  tangents,  etc.  and  the  Logarithms  of  these,  give  the 
Logarithmic  sines,  tangents,  ete.  which  are  usually  found  in 
all  mathematical  tables  containing  Logarithms. 

These  Tables  of  Logarithmic  sines,  tangents,  etc.  are 
carried  oat  to  90  degrees  or  a  Quadrant,  (for  the  sine,  tangent, 
etc.  of  any  arc,  has  the  same  value  as  the  sine,  tangent,  etc 
of  the  supplement  of  that  arc;  so  that,  when  an  arc  is  greater 
than  90  degrees,  subtract  it  from  180  degrees,  and  take  the 
sine,  tangent,  etc  of  the  remainder,  for  that  of  the  arc 
given)  the  degrees  from  0  to  45  being  generally  printed  at  the 
top  of  each  page  in  the  table,  and  the  minutes  descending  from 
the  top  to  the  bottom  of  the  page,  in  the  kft  hand  column ;  and 
from  45  to  90°  the  degrees  are  found  at  the  bottom  of  the  page 
and  the  minutes  ascending  in  the  riffhi  hand  column. 

Examples. 

TheliOgarithmicSineof  35°  31' is" 9.7641311 

„  Ck>-Tangent  „  54"  23'  „ 9.8551372 

Secant,,  40"  53',,  10.1214530 

Should  the  arc  consist , of  any  parts  of  a  minute,  intermediate 
to  those  found  in  the  table,  take  the  difiFerence  betweent  the 
tabular  sine,  tangent,  etc  of  the  given  degrees  and  minutes 
and  of  the  minute  next  greater,  then  say :  As  1  minute  or  60 
seconds  :  the  given  intermediate  part : :  the  whole  difference  : 
the  proportional  part  required. 

Example. 
Required  the  Logarithmic  Tangent  of  21°  38'  24" 
TheTangentofai'SS'is...  9.5983540)  „.„ 
.,         „         „  21-  39'  „  ...  9.69e7225S  ''*"™t  ",0 't 
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Then  as  60"  :  24"  : :  3685  :  1474  which  added  to 
the  Log&rithmic  tangent  of  21°  38',  viz:  9.5983540  gives 
9.5985014  as  the  Logarithmic  tangent  of  21"  38'  24". 

To  Jind  the  arc  cormponding  to  a  gmen  Loffarithmic  ftfte, 
tangent,  etc. 

Take  the  difference  between  the  next  leas  and  greater 
tabnlar  Logarithm,  then  say:  As  this  difference  :  I'orCO"  :: 
the  difierence  between  the  given  Logarithm  and  the  next  less  : 
the  proportional  part  required. 

Example, 

Required  the  arc  corresponding  to  the  Ix^arithmic  Sine 
9.7453892. 
The  next    less    Logarithm,  "| 

viz:  33'  48'  b  ...  9.7453056     ^.„ 
rru         1         i     T        -.u  t^DifFerenceisl887. 

Xiie  next  greater  JL/^anthm,  i 

viz :  33°  49'  is    ..  9.7454943J 

The  civen  Logarithm  is  ...  9.7453892  1 

The  next  leBs      „  „  ...  9.7453056  l^^*''^'^'=^'««^«' 

Then  as  1887  :  60"  : :  836  :  26"  which  added  to 
33°  48'  gives  33<*  48'  26"  as  the  arc  required. 
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CHAPTER  V. 


TRIGONOMETRY. 


PLANE  TEIGOHOMETRT. 

The  word  Trigonometry  aignifies  the  measuring  of  triangles, 
but  under  this  name  is  generally  comprehended  the  art  of 
determining  the  positions  and  dimensions  of  the  several 
unknown  parts  of  extension,  by  mewis  of  some  parts  which  are 
already  known.  If  we  conceive  the  different  points  which 
may  be  represented  in  any  space  to  be  joined  together  by  right 
lines,  there  are  three  things  offered  for  our  consideration. 

1  st     The  length  of  these  lines. 

2d.     The  angles  which  they  form  with  one  another. 

3d,  The  angleg  formed  by  the  ploTies  in  which  these  lines 
are  drawn,  or  are  supposed  to  be  traced. 

On  the  comparison  of  these  three  objects  depends  the  solution 
of  all  questions  that  can  be  proposed  concerning  the  measure  of 
extension  and  its  parts,  and  the  act  of  determining  all  these 
things  from  the  knowledge  of  some  of  them,  is  reduced  to  the 
solution  of  this  general  question,  viz;  knowing  three  of  the  six 
parts,  the  sides  and  angles,  which  constitute  a  rectilineal 
triangle,  to  find  the  other  three. 
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Plane  Trigonometry  is  the  art  of  measuring  and  computing 
the  Bides  and  angles  of  plane  triangles. 

There  are  three  methods  of  resolving  triangles  viz:  Geo- 
metrical Construction,  Arithmetical  Computation,  and  Instru- 
mental Op^ation ;  of  which  the  first  two  will  here  he 
treated. 

£i  the  First  Method.  The  triangle  is  conatmcted,  by  making 
the  parts  of  the  given  magnitudes,  viz:  the  sides  from  a 
scale  of  equal  parts,  and  the  angles  from  a  scale  of  chords, 
or  by  some  other  instrument.  Then  measuring  the  unknown 
.  parts  hy  the  same  scales  or  instruments,  the  solution  will  be 
obt^ned  near  the  truth. 

-  Tn  the  Second  Method,  Having  stated  the  terms  of  the 
proportion  according  to  the  proper  rule  or  theorem,  resolve 
it  like  any  other  proportion,  in  which  a  fourth  term  is  to  be 
found  from  three  given  terms,  by  multiplying  the  second 
and  third  together,  and  dividing  the  product  by  the  first, 
in  working  with  the  natural  numbers;  or,  in  working  with  the 
Logarithms,  add  the  Logarithms  of  the  second  and  third  terms 
together,  and  from  the  sum  take  the  Logarithm  of  the  first 
term;  then  the  natural  number  answering  to  the  remainder 
is  the  fourth  t«rm  sought 

Every  triangle  has  six  parts;  viz.  three  sides  and  three 
angles,  and  in  every  triangle  proposed,  there  must  be  given 
three  of  these  parts,  to  iind  the  other  three;  also,  of  the 
three  parts  that  are  given,  one  of  them  at  least  must  be  a 
side;  because,  with  the  same  angles,  the  aides  may  be  greater 
or  less  in  any  proportion. 

General  Phopeetibs  of  Plane  TBiiNGLss. 

1.  If  any  three  parts  of  a  plane  triangle  be  given  (one  part 
being  a  side)  any  required  part  may  be  found  by  construction 
and  calculation. 

2.  If  two  angles  of  a  plane  triangle  are  known,  the  third 
angle  is  found  by  subtracting  their  sum  from  180°. 
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3.  In  a  right-angled  plane  triangle,  if  either  acute  angle 
be  taken  from  90°,  the  remainder  will  express  the  other  acute 
angle. 

4.  The  sum  of  the  three  angles  is  equal  to  two  right 
angles. 

5.  The  greater  side  is  opposite  the  greater  angle,  and  the 
less  side  to  the  less  angle. 

6.  The  sum  of  any  two  sides  is  greater  than  the  third  and 
the  difference  of  any  two  sides  is  less  than  the  third. 

7.  The  triangle,  is  equilateral,  isoscelar,  or  scalene  ac- 
cording as  it  has  its  three  angles  all  equal,  or  two  of  them 
equal,  or  all  three  unequal :  and  vice  vers& 

8.  The  angles  opposite  the  two  least  sides  are  acute. 

9.  The  obtuse  angle,  if  there  is  one,  for  there  cannot  be 
more,  must  be  opposite  the  greatest  side. 

10.  Of  the  two  segments  intercepted  between  the  perpen- 
dicnlar  to  the  base,  and  the  two  angles  at  the  base,  the 
greatest  segment  lies  next  to  the  greatest  side,  and  the  least 
'segment  next  to  the  least  side. 

11.  The  greatest  angle  at  the  base  lies  next  the  least  side, 
and  least  segment,  and  the  least  angle  at  the  base  lies  next 
the  greatest  side  and  greatest  st^ment 

There  are  four  cases  in  Plane  Trigonometry  which  are  com- 
prised in  the  following  : 

'  Case  1st     Having  the  angles  and  one  side,  to  find  either  of 
the  other  sides. 

Case  2nd.  Having  two  sides,  and  an  angle  opposite  to  one 
of  them,  to  find  the  other  two  angles  and  the  third  side. 

Case  3rd.  Having  two  sides,  and  the  angle  between  them, 
to  find  the  other  two  angles  and  the  third  side. 

Case  4th.     Having  the  three  sides,  to  find  any  angle. 

Before  we  proceed  to  the  solution  of  these  four  Caaea,  it  is 
necessary  to  premise  the  following  Theorona. 
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Thbo.  I. 

In  any  plane  tnangle  ABC,  the  sides  are  proportional  to  the 
sines  of  their  opposite  angles,  that  is,  the  Sine  of  C :  AB  : : ; 
the  Sine  of  A  :  BC,  and  the  Sine  of  C  :  AB  :  :  the  Sine  of 
B  :  :  AC ;  also,  the  Sine  of  B  :  AC:  -.the  Sine  of  A:  BC. 

(ByTheo.  JO.  Chap.  II.)  the  half  of 
each  siie  is  the  sine  of  its  opposite  angle  ; 
bnt  the  sines  of  those  angles,  in  tabular 
parts,  are  proportional  to  the  sines  of  the 
same  in  any  other  measure ;  and  there- 
fore the  Bines  of  the  angles  will  be  as  the 
halves  of  their  opposite  sides :  And  since  the  halves  are 
as  the  wholes,  it  follows,  that  the  sines  of  their  angles  are  as 
their  opposite  sides,  that  is  the  Sine  of  C  :  AB  : :  the  Siae  of 
A  :  BC,  etc.     Q.  E.  D. 


Theo.  IL 

In  any  plane  triangle  ABC,  the  sum  of  the  tieo  given  sides  AB 
and  Be,  including  a  given  angle  ABC,  is  to  their  difference, 
at  the^angent  of  half  the  sum  of  the  two  wnknown  angles  A 
and  C  is  to  the  tangent  of  half  their  difference. 

Produce  AB,  make  HB  = 
BC,  and  join  H  C  :  Let  fall 
the  perpendicular  BE,  and  that 
will  bisect  the  angle  HBC  (by 
Theo.  9.  Chap.  IL),  through  B 
draw  BD  parallel  to  AC,  make 
HF  =  DC,  and  join  BF;  take 
Bl  —  BA,  and  draw  IG  parallel  to  BD,  or  AC. 

It  is  then  plain,  that  AH  will  be  the  sum,  and  HI  the, dif- 
ference of  the  sides  AB  and  BC;  and  since  HB^BC,  and 
BE  is  perpendicular  to  HC,  therefore  HE  =  EG  {by  Theo.  8. 
Chap.  II.) ;  and  sinpe  BA  =  Bl,  and  BD  and  IG  are  parallel 
to  AC,  therefore  GD  =  DC  =  FH,  and  consequently  HG  = 
FD,  and  i  HG  =  i  FD  or  ED. 
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Agfun,EBC,  being  half  of  HBC,  will  be  >  also  Iialf  the  sum 
oftlieangles  AandC,  (by  Theo.  4.  Chap.  II).  Also  since  HB 
HF,  and  the  included  angle  H,  are  severally  equal  to  BC, 
CD,  and  the  included  angle  BCD ;  therefore  (by  Thea  6,  ' 
Chap.  II.)  HBF  =  DEC  =  BOA  (by  Part  2.  Theo.  3. 
Chap.  XL)  and  since  HBD  =  A  (by  Part  3.  Theo.  3.  Chap. 
IL)  and  HBF  =  BCA;  therefore  FED  is  the  difference,  and 
EBD,  half  the  difference  of  the  angles  A  and  C :  then,  makbg 
BE  the  radius,  it  13  plain  that  EG  will  be  the  tangent  of 
half  the  sum,  and  ED  the  tangent  of  half  the  difference  of 
the  two  imknown  angles  A  and  C  :  now,  IG  being  parallel 
to  AC ;  AH  :  IH  :  :  CH :  GH.  (by  Cor.  1.  Theo.  19,  Chap.  11.) 
But  the  wholes  are  as  their  halves,  or  AH  :  IH  : :  CE  :ED, 
that  is,  as  the  sum  of  the  two  sides  AB  and  BC,  is  to 
their  difference ;  so  is  the  tangent  of  half  the  sum  of  the  two  - 
unknown  angles  A  and  C,  to  the  tangent  of  half  their  differ- 
ence,   a  E.  D. 


Theo.  III. 
In  any  plane  triangle  A  BD  ;  the  base  AD,  will  be  to  the  turn  of 
the  other  sides,  AB,  BD,  as  the  difference  of  those  sides,  is  to 
the  difference  of  the  Segments  of  the  base,  made  by  the  perpen- 
dicular BE  ;  viz :  the  difference  between  AB  and  ED. 

Produce  BD,  till  EG  =  AB 
the  lesser  side;  and  on  B  as  a 
centre  with  the  distance  BG  or 
BA  describe  a  circle,  AGHF 
which  will  cut  BD  and  AD  in 
the  points  H  and  F :  Then  it 
is  plain,  that  GD  will  be  the 
snm,  and  HD  the  difference  of 
the  sides  AB  and  BD ;  also  since  AE  =  EF,  (by  Theo.  8, 
Chap.  II.)  therefore  FD  is  the  difference  of  AE  and  ED,  the 
segments  of  the  base:  But  (by  Thea  16.  Chap  IL)  AD: 
GD  :  :  HD  :  FD ;  that  is,  the  base  is  to  the  sum  of  the  other 
ddes,  as  the  difference  of  those  sides,  is  to  the  difference  of  the 
of  the  base.     Q.  E.  ] 
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TuEO.  IV. 

If  to  half  the  sum  of  two  quantities  be  added  half  their  differ- 
ence; the  sum  will  be  tlie  greatest  of  them  :  and  if  from  half 
the  sum  be  subtracted  half  tkdr  difference,  tlte  remainder  will 
be  the  least  of  them. 

Let  the  two  quantities  be  re- 
presented   b;   AB    and    BC; 

(makiDg  one  continued    line;)    A  D    E~B  C 

whereof  AB  is  the  greatest,  and 

BC  the  least ;  bisect  the  whole  line  AC  in  E,  and  make  AD 
=  BC ;  then  it  is  plain,  that  AC  is  the  sum,  and  BD  the 
difference  of  the  two  quantities;  and  A£  or  EC  their  half  aom, 
and  DE  or  EB  their  half  difference.  Now  if  to  AE  we  add 
EB,  we  shall  have  AB  the  greatest  quantity ;  and  if  &oni  EC 
we  take  EB,  we  shall  have  BC  the  least  quantity.     Q.  E.  D. 

Cor.     If  from  the  greatest  of  two  quantities  we  take  half 
the  difference  of  them,  the  remainder  will  be  half  their  sum ; 
or  if  to  half  their  difference  be  added  the  least  quantity,  their 
sum  will  be  half  the  sum'  of  the  two  quantitiea. 
S0LOT10N8  OF  THE  Cases  ik  Plane  Tbigosometbt. 

Case  \sL    Saving  the  angles  and  one  side,  to  ^nd  either  of 
the  other  mdes. 

Rule.  As  the  sine  of  the  angle  opposite  the  given  side,  is 
to  the  given  side,  so  is,  the  sine  of  the  angle  opposite  the 
required  side,  to  the  required  side. 

In  the  triangle  ABC,  there  is  given  the  angle  A  46"  SO",  AB 
230,  and  the  angle  B  37°  30'  lo^nd  AC  and  BC. 

Geomeibicallt. 
Draw  a  blank  line,  upon 
which  set  off  AB  230  from  a 
scale  c^  equal  parts,  at  the 
point  A  of  the  line  AB,  make 
an  angle  of  46°  30'  by  a  blank 
line;  and  at  the  point  B  of  the 
line  AB,  make  an  angle  of  37° 
30*  by  another  blank  line ;  the  /'"'  ^  ^  -si , 
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intersection  of  these  lines  gives  the  point  C,  making  the  trian- 
gle ABC.     Measure  AC  and  BC  from  the  same  scale  of  equal 
parts  that  AB  was  taken,  and  we  have  the  answer  required. 
By  Calcdlamon, 
By  (Cor.  1 .  Theo  5.  Chap.  II.)  180°— the  sum  of  the  angles 
A  and  B  =  C. 

Or  180"— (46°  30'  +  37"  Zff)-  =  96"  00'  =  C 


Then: 

...  or 

96"  00' 
230 
46"  30' 

167.76 
Again. 
96"  00' 
230 
37"  30' 

140.78 

::  the  Sine  of  A... . 

9  8605622 

answering 

12.2222900 

::  the  Sine  of  B    ... 

...    9.7844471 

answering 

12.1461749 

.  AB    

to   2 1485606 

Case  2nd.     Haviriff  two  sides,  and  an  angh  opposite  to  one  of 
them,  tojlttd  the  other  two  angles  and  the  third  side. 

Bulb.     As  the  side  opposite  the  given  angle,  is  to  the 
Sine  of  that  angle,  so  is  the  side  opposite  the  required  angle  to 
the  Sine  of  that  angle. 
In  tlie  triangle  ABC,  there  is  given  AB  240,  the  angle  A  46" 

")'  and  BC  200  ;  Jo ^nd  the  angle  C  being  acute,  the  angle  B 

Geometeicallt. 


and  the  side  AC. 


Draw  a  blank  line,  on  which 
set  off  AB  240  from  a  scale  of 
equal  parts ;  at  the  point  A  of 
the  line  AB,  moke  an  angle  of 
46*  30*  by  a  blank  line;  with 
BC  200  &om  the  same  scale  of  / 
equal  parts  that  AB  was  taken, 
and  one  leg  of  the  compasses  in 
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B  describe  the  Arc  DC  to  cut  the  last  blank  line  in  the  points 
D  and  C.  Now  if  the  angle  C  had  been  required  obtuse,  lines 
from  D  to  B  and  to  A,  would  constitute  .the  triangle ;  but  as 
it  is  required  acute,  draw  the  lines  from  C  to  B  and  to  A,  and 
the  triangle  ABC  is  constructed,  rrom  a  line  of  chords  let 
the  angles  B  and  C  be  measured,  and  AC  from  the  same 
scale  of  equal  parts  that  AB  and  EC  were  taken ;  and  we 
have  the  answer  required. 

Bt  Oalcdlation. 


Asyu     or      200 

2.301030O 

12.2407734 

•  the  Sineof  C     60°  31' 

9  9397434 

Then  180— the  sum  of  the  angles  A  and  C, 
Or  180'— (46°  30-  +  60°  31')  =  72 

Again. 

AstheSineof  A    ....  or      46°  30*     

give 
59' 

the  angle  B 
=  B. 

.  BC         »       200 

2.3010300 

12.2815877 

Cas£  3rd.     Haviiy  two  sides,  and  the  angU  between  them,  to 
Jind  the  other  two  angles  and  the  third  side, 

Bdle.  Ab  the  sum  of  the  two  given  sides,  is  to  their  differ- 
ence, so  is,  the  Tangent  of  half  the  sum  of  the  unknown  angles, 
to  the  Tangent  of  half  their  difference.  Half  the  difference  thus 
found  added  to  half  their  sum,  gives  the  greater  of  the  two 
angles,  and  deducted,  leaves  the  lesser.  The  third,  side  is 
found  by  Case  Irf.  X.OOgIc 


In  the  triangle  ABC,  there  is  given  AB  240,  the  angle  »  36* 

40',  and  AC  180;  to  ^d  the  angles  C  and  B,^nd  the 

side  BC. 

Geometricallt. 

Draw  a  blank  line,  on  which  from 
ascaleofequal  parts,  layoff  AB  240: 
at  tlie  point  A  of  the  line  AB,  make 
an  angle  of  36°  40'  by  a  blank  line, 
on  which  from  A,  lay  off  AC  180 
from  the  same  scale  of  equal  parts ; 
measure  the  angles  C  and  B,  and  the  side  BC,  as  before;  and 
we  have  the  answer  required. 

By  Calcdlation. 

The  sum  of  the  two  given  sides  or 240  +  180  ^  420 

The  difference  „        „      „  240 — 180=    60 

180°  —  36°  40*  or  angle  A  =  143»  20*  or  sum  of  unknown 
angles  B  and  C,  the  half  sum  of  which  is  71'  40' 
Then: 
As  AB  +  AC  or  420 2.6232493 


AB  —  AC  „  60       -  1.7781513 

:  Tangent  of  71»  40* 10.4796948 


:  Tangent  of  23'*  20"   answering  to 9.6345968 


Then  7 1°  40'  +  23°  20'  =  95=  00*  =  C 
And  7  r  40"  —  23"  20'  =  48°  20'  =  B 
The  third  side  BC  is  found  by  Case  \st  thus  : 

As  Sine  of  B  :  AC  : :  Sine  of  A  :  BC. 
If  the  angle  included  be  a  right  angle,  add  the  Radius  to  the 
Logarithm  of  the  less  side,  and  from  the  sum  subtract  the  Loga- 
rithm of  the  greater  side ;  the  remainder  or  sum,  will  be  the 
Tangent  of  the  angle  opposite  to  the  less  side. 
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In  the  right-angled  triangk  ABC  there  is  given 
AB  240,  BC  180,  and  the  angle  B  90°  to 
Jtnd  the  angler  A  and  C  and  the  tide  A  C. 


Then, 

To  the  Logurithm  of  less  side  or  180     2,2552725 

Add  Radius     10.0000000 

12.2552725 
And  deduct  the  Logarithm  of  greater  side  or  240...     2.3802 1 12 

Tangent  of  A  =  36°  52' answering  to  ...     9.8750613 

Then  180=  —  (90°  00*  +  36"  52'}  =  53"  08'  =  C 
And,  As  Sine  of  C  :  AB  : :  Sine  of  B  :  AC. 
Case  ithi     Having  the  three  adet,  to  find  any  angle. 
Rule.     As  the  longest  side  or  base,  is  to  the  sum  of  the 
other  two  sides,  so  is  the  diiference  of  those  sides,  to  the  differ- 
ence of  the  segments  of  the  base,  formed  by  a  perpendicular  let 
fall  &om  its  opposite  angle.     Half  the  difference  of  the  segments 
thus  found,  added  to  half  the  base  gives  the  greater  segment, 
and  subtracted  leaves  the  leaser — whence  we  have  two  right- 
angled  triangles  with  two  sides  given,  to  find  the  other,  two ' 
angles  and  the  third  side,  by  Cases  1st  and  2nd. 

In  the  triangle  ABC,  there  is  given  AB  64,  .^C47,  BC34; 
to  Jtnd  the  angles  A,  B,  and  C. 
Geombtbicallt. 
Draw  a  blank  line,  on  which  q. 

from  a  scale  of  equal  parts  lay 
off  AB  64,  from  A  witli  the 
line  AC  47,  describe  an  arc, 
and  from  B  with  the  line  BO 
34  describe  another  arc,  to  the 

intersection  point  at  0,  draw  AG  and  BC  and  ABC  >is  the 
triangle  reijuired. 
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Bt  Calcdlation. 
From  the  point  G;  let  fall  the  perpendicular  CD,  on  the 
base  AB;  it  will  divide  the  triangle   into  two  right-angled 
ones  ADC  and  CBD,  as  well  as  the  base  AB  into  the  two 
Begmenta  AD  and  DB, 
The  longest  side  or  base  AB  =  64. 

The  sum  of  the  other  two  sides  or  AC  +  BC  =  47  +  34  =81 
The  difference      „     ■   „         „:AC  —  BO  =  47  —  34  =  13 
Then: 
As'AB  or  64 1.8061800 

:   AC  +  BC  „  81  1.9084850 

;:A0  — BC  „  13 1.1139434 

3.0224284 


:    AD  — DB„  16.46... answeringto  1.2162484 

The  half  difference  or  8.23  added  to  the  half  base  or  32  = 
40.23  or  greater  segment,  and  deducted  =  23,77  or  leaser 
segment. 

Having  now  two  right-angled  triangles  ADC  and  CBD 
with  two  sides  given  in  each,  the  remaining  angles  and  side 
are  easily  found  by  Cases  \st  and  2nd. 

HEIGHTS  AND  DISTANCES. 

Having  given  the  solutions  of  the  four  cases  in  Plane  Trigono- 
metry, we  will  proceed  to  apply  the  same,  by  a  few  examples, 
in  determining  the  heights  and  distances  of  inaccessible  objects. 

Example  1. 

What  is  the  height  of  a  Musjid,  the  distance  of  which  was 
384.40  yards  from  where  I  stood,  and  the  angle  of  elevation 
to  the  top  3"  42'? 

We  have  here  given  the  angle  -^^^'^'*' 

A  =  90" 

The  angle  B  =  3°  42',  and  the 
side  BA  =  384.40  yards.  _ 

The  angle  0  =  (90=  —  B)     ^ 
^^^^  *^'-  D„:,N....,Go.Oglc 


By  Case  Ist. 

Ab  Sine  of  Cor  86°  18'  .'. 9.999093 

:  BA  or  384.40     2.584783 

::  Sine  of  B     8.809777 


:  AC  or  24.90  yards,  the  height  required  1.395467 

Example  2. 
Being  desirous  of  knowing  the  height  of  a  Steeple  CD, 
which  could  not  be  appreached  nearer  than  B  j  the  angle  of 
altitude  DBG  was  found  to  be  55'' ;  having  measured  a  line 
from  B  to  A  of  87  feet,  the  angle  of  altitude  CAB  was  found 
to  be  37";  Required  its  height  ?  ..-'^^^ 


From  DBC  =  55°  00'  ^^'      /         jA, 

Take  CAB  =  37°  00'  ^-^     /  Ij 

Angle  ACB  =  18"  Off  ^<i^  ^^'>  JJ 

A      ~^-  B        D 

Bt  Case  1  bt. 
As  Sine  angle  ACB  or  18°  Off    9.4899824 

:  ABor87  1.9393198 

::  SineangleCAB,,  37°  Off      9.7794630 

11.7189828 


:  BO  or  169.  43 answeringto  2.2290004 

Again. 
As  Radius  90°  or  Sine  of  angle  BDC 10.0000000 


:  BO  or  169.43    2.2290004 

::  SineangleCBD  or  55°  Off 9.9133643 


:  DO  or  138.80  feet,  the  height  requured   2.1423649 


Example  3. 

The  breadth  of  the  River  Ganges  at  Benares  being  re- 
quired, a  base  line  AB  was  measured  on  one  side  of  43  Che. 
62  Lka.  and  the  angles  subtended  by  a  tree  on  the  opposite 
edge  at  each  end  of  the  base  were,  at  A  82°  48'  and  at 
6  33"  46'.     What  ia  the  breadth? 

We  have  here  given  the  angle 
A  =  82°  48',  the  angle  B  = 
33°  46',  consequently  the  angle 
C  =  180°  —  (82°  48'  +  SS" 
46')  =-  63''  26'  and  the  side  AB 
=  43.62. 


By  Case  1st. 

As  sine  of  C  or  63°  26'    9.951538 

:  AB  or  43.62 1.639685 

::  Sine  of  B  or  33°  46'  9.744928 


■ :  AC  or  27  Chs.  1 1  Lks.  the  breadth  required 

Example  4. 
Required  the  distance  of  the 
Fort  Flagstaff  at  Allahabad, 
^m  two  given  points  A  and  B 
on  each  side  of  the  Ganges.  To 
obtain  which  I  measured  a  base 
EC  =  54.32  Chs.  the  angles 
subtended  with  the  point  A  at 
each  end  of  the  base  were  ABC 
120'  44'  and  BCA  24°  16',  also 
the  angles  subtended  with  the 
Fort  Flagstaff  at  each  end  of 
the  base  were  CBD  15°  42'  and 
BCD  117°  31'.  What  are  tho 
respective  distances? 


11.384613 
1.433075 
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In  the  Triangle  BCD,  the  angle  CDB  =  180°  —  (BOD  + 

CBD)  =  46°  47'. 
„  „        CBA,  theangle  CAB  =  180°  —  (ABO  + 

BOA)  =  35"  Off. 

ABD  the  angle  DBA  =  ABO  —  DBG  = 
105°  02'. 
Then, 

Br  Cask  1st. 

As  Sine  of  CDB  or  46°  47' 9.862590 

:    BO  or  54.32 '.     1.734959 

::  SineofBODor  117"  31' 9.947863 

11.682822 

:    BD  or  66.11  Chs.  the  distance  required  1.820232 

Again,  

Bt  Case  Ist. 

As  Sine  of  CAB  or  35°  Off 9.758591 

:  EC  or  54.32  1.734959 

::  Sine  of  BOA  or  24"  16' 9.613825 

11.348784 
:  BA  or  38.92  Che.  the  distance  required     1.590193 

Bt  Case  3rd. 
BD  +  AB  =  105.03  and  BD  —  AB  =  27.19. 
Also  180°  —  ADB  or  105'  02'  -=  74°  58'  or  sum  of  un- 
known angles,  the  half  sam  of  which  is  37"  29'. 
Then, 
AsBD  +  AB  or     105.03  2.021313 

:     BD  — AB    „     27.19     1.434409 

::  Tangent  of  37°  39' 9.884718 

11.319127 

:  Tangent  of  11°  13' 9.297814 

37°  29  +  11°  13'  —  48°  42'  or  angle  DAB 
37°29  — 11°13'  =  26°  16'or    „     ADB 
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Lastly, 

By  Case  Ibt. 

AaSineofBDA  or  26"  16'  9.645961 

:  AB  or  38.92  „ 1.590193 

:;  Sine  of  ABD  or  105"  02'  9.984876 

11.575069 

:  AD  or  84.94  Ohs.  the  distance  required    1.929108 

Example  5. 
The  angle  subtended  from  a  point  C  between  two  objects  at 
A  and  B,  esactly  23  Gha.  42  Lka.  apart,  being  31°  47',  what 
are  the  angles  at  A  and  B,  the  distance  from  C  h>  B  being 
35Cha.64Lke.? 

Bt  Case  2nd. 
Aa  AB  or  23.42  1.369586 

:  theSineofC  orSlM?'  .". 9.721570 

::  CB  or  35.64    1.55]  937 

11.273507 
itheSine  of  Aor53''17' 9.903921 

Then  180°  —  (  31"  47'  +  53°  17' )  -=  94'  56*  or  angle  B. 
EXABfPLS  S. 

Required  the  angle  contained  between  the  two  cocoauut  trees 
on  the  Taj  at  Agra,  the  distance  between  them  being  supposed 
53  feet,  and  the  distance  of  eaeh  trto  from  where  I  stood  at  C 
was  A  1388  feet  and  B  1353  feet? 

In  this  Example  we  have, 

AC  =  1388  feet 

BC  =.  1353   „ 

AB=      53   „ 

Let  &U  the  perpendicular 
BD  on  the  base  or  longest 
ude  AG — . 
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Bt  Case  3bd. 
Then, 
As  AC  „ or  IMS  feet 3.142389 

:  AB  +  BO „    1406     „     «...     3.147985 

::AB  — BO „    1300    „     3.113943 

6.26 192S 
:D0  — AD „    1317*,,    3.119539 

Then  i^   +  ~  =  CD  or  1352.50  feet 

.    .   1388  1317         .„       ,,--„ 

And  — H—  —  — g—  =  AD  „  35.50       „ 

Again 

Br  Case  2nd. 
As  BC  or  1353  feet 3.131297 

:  Kadius  or  Sine  of  EDO  =  90" 10.000000 

Z:  DC  or  1352.50  feet    3.131137 

13.131137 

:  DBG  or  88°  27' .'. 9.999840 

180»  —  £90°  +  88"  27)  =  1  "33'  or  DCB  the  angle  between 
the  two  cocoanat  trees. 

If  it  is  required  to  find  the  angles  A  and  B  of  the  triangle 
ABC,  the  angle  ABD  can  be  found  in  the  same  manner  as 
DBG  when  ABD  +  DBG  =  ABC,  and  180°  —  (ABO  + 
AOB)  -  BAO. 
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CHAPTER  VI. 


MENSURATION   OF  PLANES. 


DEFINITIONS. 

Area,  means  the  superficial  content  of  any  plane  Geometrical 
figure,  estimated  hj  the  squares  of  some  known  lineal  measure 
as  inches,  links,  chains,  etc.,  ^ich  in  surveying  are  converted 
into  square  perches,  rood^  and  acres. 

The  English  statute  acre  contiuns  4840  sqaare  yards^  anb- 
divided  into  roods  and  perches  of  which  40  perches  make  one 
rood  and  4  roods  make  one  acre:  The  perch  is  16)  feet^ 
giving  272i  square  feet,  or  30}  square  yards,  which  multiplied 
by  40,  gives  1210aquareyards  in  one  rood,  and  again  multiplied 
by  4  gives  4840  square  yards  in  the  acre. 

The  best  method  of  taHng  the  length  and  breadth  of 
figures  for  ascertaining  areas,  is  in  chains  and  links,  and 
Gunter's  Chain  in  general  use  with  Surveyors  is  the  best 
adapted  for  this  purpose.  It  is  divided  into  100  links,  each 
link  being  7.92  inches,  giving  exactly  22  yards  or  66  feet  in 
length,  and  equal  to  4  perches,  so  that  one  square  chain  is 
equal  to  16  square  perches  or  the  tenth  part  of  an  acre,  conse- 
quently 10  square  chains,  are  equal  to  one  acre,  and  as  the 
chain  is  divided  into  100  links,  every  superficial  chain  con- 
tains 10,000  sqaare  links  and  every  superficial  acre  100,000 
square  links. 
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If  therefore  the  content  of  a  field  is  made  up  in  square  links, 
dividing  the  number  by  100,000,  or  which  is  the  same  thing,  if 
from  the  content  we  cut  off  the  last  five  fignres,  the  remaining 
figure  towards  the  left  hand,  gives  the  content  in  acres  and  con- 
sequently the  number  of  acres  at  first  sight,  the  remainder  being 
decimal  parts  of  an  acre,  which  latter  being  multiplied  by  4 
and  40,  gives  the  roods  and  perches. 

The  area  of  any  plane  figure,  is  the  measure  of  the  space 
contained  within  its  extremes  or  bounds. 

This  area,  or  the  content  of  the  plane  figure,  is  estimated  by 
the  number  of  little  squares  that  may  be  contained  in  it ;  the 
side  of  those  little  measuring  squares  being  an  inch,  or  a  foot, 
or  a  yard,  or  any  other  fixed  quantity.  And  hence  the  ares 
or  content  is  said  to  be  so  many  square  inches,  or  square  feet, 
or  square  yards,  &c 

Thus,  if  the  figure  to  be  measured  be  the  rectangle  ABCD, 
and  the  little  square  E,  whose  side  is  ^ 
one  inch,  be  the  measuring  unit  pro- 
posed :  then  as  often  as  the  said  little 
square  is  contained  in  the  rectangle,  so 
many  square  inches  the  rectangle  is 
said  to  contun — which  in  the  present 
case  b  10.  . 

Table  of  Square  Measure. 

144     Square  Inches  make  1  Square  Foot Ft. 

9     Square  Feet 1  Square  Yard Yd. 

Z0\  Square  Yards 1  Square  Perch    ...  Per. 

40     Square  Perches    ...  I  Bood Rd. 

4    Roods 1  Acre Aer. 

Sq.  In.  Sq.  Ft. 

144  =     1  =     Sq.   Yd. 
1296  =9—1    Sq.Fde. 
39204  =    272i  =    30i  =    1  Rd. 

=  10890  =  1210  "   40  =  1    Acre. 
-.    43560  =  4840  =  160  —  4  ="  1 
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To  determine  the  area  of  a  Rectangular  Parallelogram. 

Bole. — Multiply  the  length  by  the  breadth  and  the  product 
will  be  the  area. 

Examples, 

Suppose  the  aide  of  a  square  to  be  10  Chs.  48  Lks.  what  ia 
the  area  ?  Answer,  10  Acr.  3  Rd.  37  Per. 

10.48  X  10.48  =  10.98304,  dividing  by  100000, 
or  cutting  o£f  5  figures  from  the  right  hand  gives,  Acr.  10. 98304 


Rds.       3.932  IS 


Per.      37.28640 

The  length  of  an  oblong  being  34  Chs.  56  Lks.  and  the 
breadth  22  Chs.  64  Lks.  what  is  the  area  ? 

34.56  X  22.64  =  78.24384  or  78  Acr.  0  Rd.  38  Per. 

To  determine  the  area  of  a  triangle. 
Role. — Multiply  the  base  or  length  by  half  the  perpendi- 
cular, let  fall  thereon  from  the  opposite  angle,  and  the  product 
will  be  the  area. 

Examples. 
What  is  the  area  of  a  triangle  whose  base  is  23,22  Chs. 
and  altitude  or  perpendicular  height  10.44  Chs.  ? 
23.22  +  10.44  ^  J2.12  Acr.  or  12  Acr.  0  Kd.  19  Per. 

Required  the  area  of  a  right-angled  triangle  whose  base  is 
3.54  Cbs.  and  perpendicular  2.44  Chs.  P 

^'^^  \  ^-^^  =  0.43  Acr.  or  0  Acr.  1  Rd.  29  Per. 

The  same  result  would  be  obtained  if  the  perpendicular  were 
to  be  multiplied  by  half  the  base,  or  if  the  base  and  perpendicular 
were  to  be  mulUpUed  together,  and  half  the  product  taken  for 
the  area.  ^ .,  . 
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To  Jind  the  area  of  a  Trapezoid.* 

Bulk. — Add  the  breadth  at  each  end  together,  and  multiply 
the  base  by  half  their  sum  and  the  product  will  be  the  area. 

EXAUPLB. 

The  base  of  a  field  is  5.51  Chs.  the  breadth  at  one  end  is 
2.32  Chs.  and  at  the  other  end  1.83  Chs.  required  the  area  ? 

-  X  6.64  =  1.15  Acr.  or  1  Acr.  0  Rd.  24  Per. 


2.32  +  1.83  . 


Tojindthe  area'ofa  Trapexium. 

Rule. — ^Xake  the  diagonal  length  from  one  extreme  comer 

to  the  other  as  a  base,  and  multiply  it  by  half  the  sum  of  the 

perpendicnlars  falling  thereon  from  the  other  two  corners,  the 

product  will  be  the  area. 

Example. 

A.  field  whose  diagonal  length  was  10.43  Chs.  and  lengths 
of  perpendiculars  3.44  Chs.  and  4.53  Chs.  required  the  area  ? 
3.44  +  4.53  ^  10.43  =  4.15 Acr. or4Acr.0Rd.24Per. 

To^nd  the  area  of  a  Rhombus  or  Rhomboid. 
Rule.     Multiply  the  base  by  the  perpendicular  height,  and 
the  product  will  be  the  area. 

Example. 
Required  the  area  of  a  Rhomboid,  whose  base  is  2.13  Chs. 
and  perpendicular  height  2.04  Chs.  F 

2.13  X  2.04  =  0.43452  or  0  Acr.  1  Ed.  29  Per. 
The  area  of  all  other  figures  whether  regular  or  irregular, 
of  how  many  sides  soever  they  may  consist,  is  determined 
by  dividing  the  figure  into  triangles  or  trapezia,  and  measur- 
ing them  separately,  the  sum  of  which  will  be  the  area  of  the 
figure  thus: 


*  A  four-udedfipiTehntiag two  oppoaitesidM parallel,  is  caD ^ 
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To  find  the  Area  of  an  Irrefftilar  Polygon. 

Draw  diagonals  dividing  the  proposed  polygon  into  tra- 
pezia and  triangles,  then  find  the  area  of  all  these  separately, 
and  add  them  together  for  the  content  of  the  whole  polygon. 
Example. 
What  is  the  content  of  the  irregular  figure  ABCDEFGA,  in 
wUch  are  given  the  following  diagonals  and  perpendiculars : ' 
AC 55  Chs.  viz: 


FD52 

,j 

GO  44 

„ 

GmlS 

„ 

Bn  18 

„ 

Qo  12 
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Ep    8 
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Dj  23 

" 

Tien, 
AO 

X 

Bn 

AO 

X 

Gm 

GO 

X 

Dq 

FD 

X 

Go 

FD 

X 

Ep 

Act.  Rds.  Per.  

Answer  374  „  2  „  16  16.00 

Xhe  area  of  any  figure  may  also  be  determined  by  a  compu- 
tation made  &om  the  bearings  and  distances  of  the  bowidary 
Une8>  which  method  will  fonu  a  separate  part  of  this  work. 
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CHAPTER  VII. 


USBFDL  PB0BLBM8  IN  SURVBTING. 
Problem  I. 

To  dram  upon  the  ground  a  straight  line  through  two 
given  points. 

Plant  a  picket,  or  staET,  at  eacli  of  the  given  punts,  then 
fix  another  between  them,  in  such  a  manner  that  when  the 
eye  is  placed  at  the  edge  of  one  staff,  the  edges  of  the  other 
two  may  coincide  with  it.  The  line  may  then  be  prolonged 
by  fixing  up  other  staves.  The  accuracy  of  this  operation 
depends  greatly  on  fixing  the  staves  upright,  and,  not  letting 
the  eye  be  too  near  the  staff  &om  whence  the  observation 
is  made. 

Pbob.  II. 

To  walk  in  a  straight  line  from  a  proposed  point  to  a 
given  object. 

Fix  npon  some  point,  as  a  bush,  or  a  stone,  or  any  mark 
that  yoQ  find  to  be  in  a  liqe  with  yoor  given  object,  and  walk' 
forward,  keeping  the  two  objects  strictly  in  line;  selecting  a 
fresh  mark  when  you  come  within  20  or  30  paces  of  the  one 
upon  which  you  have  been  moving.  Observe — that  to  walk 
in  a  direct  line,  it  is  always  necessary  to  have  two  objects  con- 
stantly in  view. 
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pbob.  m. 

To  trace  a  line  in  the  direction  of  two  distant  pmnte. 

Let  two  persons  separate  to  about  50  or  60  pacea  ;  then,  by 
altematelj  motioning  eacli  other  to  move  right  or  left,  they 
soon  get  exactly  into  line  with  the  distant  objects :  or,  for 
greater  accnracy,  they  may  hold  np  staves. 

In  sketching  ground,  it  is  constantly  necessary  to  get  in  line 
between  two  objects :  if  these  are  not  very  distant,  a  well-diTlletJ 
soldier  can  always  do  so  within  a  few  paces  (near  enough  for 
sketching  purposes)  by  fironting  one  object  exactly,  and  then 
facing  to  the  right  about ;  when,  if  he  finds  himself  accurately 
fronting  the  other  object,  he  will  be  tolerably  well  in  line 
with  them. 

A  right  angle  may  also  be  formed  very  nearly  by  fronting 
on  object,  and  then  facing  to  the  right  or  left. 


Peob.  IV. 

To  turvey  a  triangular  Jield  ABC,  by  the  chain. 

Having  set  up  marks  at  the  comers,  » 

which  is  to  be  done  in  all  cases  where  /  i  \ 

there  are  not  sufficient  marks  existing,  , 
measure  with  the  chain  firom  A  to  P,  ' 
where  a  perpendicular  would  fall  from  / — - 
the  angle  C,  and  set  up  a  mark  at  P, 
noting  down  the  distance  AP.  Then  complete  the  distance 
AB,  by  measuring  from  P  to  B.  Having  set  down  this  mea- 
sure, return  to  P,  and  measure  the  perpendicular  PC.  And 
thus,  having  the  base  and  perpendicular,  the  area  is  easily 
found  by  multiplying  the  length  AB  by  POj  and  taking  half 
the  product  Or,  the  figure  may  be  constructed  by  measuring 
an  angle  as  CAB,  and  the  two  sides  AC  and  AB.  Or, 
measure  one  ude  AB,  and  the  angles  at  A  and  B.    By  eith^ 


A 
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of  these  ways,  the  figare  is  easily  planned ;  then  by  measnriog 
the  perpendicolar  GP  on  the  ^an,  and  multiplying  it  by  half 
AB,  the  content  ia  found. 


Pbob.  V. 
To  measure  a  four-aided Jkld  ABCD. 

Divide  it  into  two  triangles 
by  a  diagonal  AC,  and  find  the 
content  of  each,  as  in  the  last 
problem. 

To  take  the  plan  of  such  a 
field,  measure  the  foar  sides, 
and  one  of  the  angles,  as  ABC; 
when   the  figure   is  easily   constmcted.      Or,   measure  the 
diagonal  AG,  and  the  four  angles  BAG,  GAD,  EGA,  and  ACD. 


Peob.  VL 
To  measure  anyjield  by  the  chain  only. 

Divide  it  into  triangles  and  trap^iums,  by  running  lines 
across  from  corner  to  comer :  then  calculate  the  content  of  each 
tiiangle  and  trapezium  separately. 

To  make  the  plan  of  any 
field,  measure  a  base  line  AB 
across  it,  and  having  placed 
marks — such  as  a  stick,  with  a  ' 
bit  of  white  paper  on  it — at  each 
comer,  as  also  similar  marks  to 
show  the  base  line ;  put  a  mark  at  every  point  on  the 
line,  at  which  a  perpendicular  from  a  comer  of  the  field  will 
fall  J  which  point  may  be  judged  with  sufficient  accuracy  by 
the  eye  alone,  when  the  chain  is  extended  along  the  base  line*; 
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then  measure  these  perpendiculars  as 
of  the  field,  drawn  by  the  eye,  is  better  i 
ments  upon  than  a  field-book. 


iff-sets.     A  diagram 
)  note  the  measure- 


Peob.  VII. 

To  take  the  plan  ofanyjieid  with  an  instrument. 

Plant  the  instrument  at  any 
point  0,  near  the  middle  of  the 
field,  and  having  placed  marks 
at  every  angle  of  it:  measure 
the  distances  from  the  instru- 
ment to  each  comer;  as  also 
the  angles  ACB,  BCD,  DCE,  &c:  when  a  plan  can  be 
easily  formed  of  it  Or,  the  instrument  may  be  placed  at  one 
of  the  corners,  from  whence  the  others  are  visible,  as  D ;  then 
measure  the  angles  BDA,  ADF,  and  FDE  (formed  by  the 
dotted  lines);  then  measure  DE,  DF,  DA,  and  DB.  Note  the 
measures  of  the  angles  and  lines  on  a  rough  figure  drawn  to 
resemble  the  true  one. 


To  measure  a  afield  vnth  irregular  boundaries. 

Fix  upon  three  or   more  stations,   as  A,   B, 
measure  the  angles 
ABC,  BCD,  ADC, 
and  BAD ;  then  mea-       /  fg 
sure  the  sides  BC,     /  .- 
CD,  AD,  andAB:V  / 
and  while  doing  this,    \  / 
take  off-sets  to  a,  b, 
c,  d,  e,  &c 

The  imaginary  figure  A,  B,  0,  D,  may  be   formed  outside 
the  field  or  piece  of  ground,  if  more  convenient 
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PROB.    IX. 

To  obtain  the  plan  of  a  river. 

Place  marks  at  its  principal  bends  A,  B,  0,  D,  D  ^ 
and  with  a.  theodolite  or  surveying  compass  take 
the  bearings  of  the  station  lines  AB,  BO,  CD, 
&c. ;  and  when  measnring  these  lines,  take  oGT- 
sets  to  all  the  smaller  bends,  as  shewn  in  the 
diagram. 

The  plan  may  either  be  protracted  in  the  field, 
or  the  bearings  and  measurements  entered  in  a 

field-book.  ^ 

Pkob.  X. 
To  take  the  plan  of  a  wood,  a  lake,  or  marsh,  Sfc. 

Place  marks  A,  B,  C,  &c.  so  as  ^ 

to  form  the  most  convenient  station  r 
lines  AB,  BC,  &&,  all  round  the  wood 
or  marsh ;  then  with  a  surveying  com* 
pass  take  the  bearings  of  AB,  BC, 
CD,  &C.,  going  all  round,  measuring.  1 
and  taking  off-sets  as  you  proceed. 
If  the  survey  be  of  a  marsh  or  lake, 
check  bearings  should  be  taken  across 
it,  as  from  A  and  Eto  D,  &&,  which 
will  insure  greater  accuracy,  and  cause  the  work  to  close  (as 
itb  termed)  with  proper  exactness. 
Pbob.  XL 

To  change  a  trianyle  into  another  of  equal  extent,  but  differetU 
height. 

Let  ABC  be  the  given  triangle,  D  a  point  at  the  given  height 
Case  1.    Where  the  A*  aP 

point  D,  is  either  in  one  /  \\  tC 

of  the  sides,  or  in  the 

prolongation  of  a  side. 
Draw  a  line  from  D  / 


to  the  opposite  angle  C  ' 
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2.  Draw  a  line  AE  parallel  thereto  from  A,  the  summit  of 
the  given  triangle.  3.  Join  DE,  and  BDE  is  tile  required 
triangle. 

Case  2.    When  the  point  D, 
is  neither  in  one  of  the  sides,  nor 
in  the  prolongation   thereof.      1. 
Draw  an  indefinite  line  BDa,  from 
B  through  the  point  D.     2.  Draw 
from  A,  the  summit  of  the  ffven    g 
triangle,  a  line  Aa,  parallel  to  the 
base  BC,  and  catting  the  line  BD   . 
in  a.    3.  Join  aC,  and  the  triangle  r  ' 
BaC  is  equal  to  the  triangle  BAO; 
and    the   point    D   being  in  the 

same  line  with  Ba.     4.   By  the       g  j         ^ 

preceding  case,  find  a  triangle  from  D,  equal  to  BaC;  join 
DC,  draw  oE.  parallel  thereto,  then  join  DE  and  BDE  ia  the 
required  triangle. 

Corollary.  If  it  be  required  to  change  the  triangle  BAC 
into  an  equal  triangle,  of  which  the  height  and  angle  BDEard 
given:  1.  Draw  the  indefinite  line  BDA,  making  the  re- 
quired, angle  with  BC.  2.  Ta]^  on  BDa  a  point  D  at  tlie 
given  height :  and,  3.  Construct  the  triangle  by  the  foregoing 
rnles. 


To  reduce  a  rectilinear  Jigure  ABODE,  to  another  equal 
to  it,  but  with  one  side  less. 


1.  Join  the  extremities  E,  C, 
of  two  sides  DE,  DC,  of  the 
■  same  angle  D.  2.  From  D 
draw  a  line  DF  parallel  to  EG. 
3.  Draw  EF,  and  a  new  poly- 
gon ABFE  is  obtained  equal 
to  ABCDE,  but  with  one  side  less. 
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Corollvy.  Hence  every  rectilinear  fignre  may  be  re- 
duced to  a  triangle,  by  reducing  it  succesiiiTely  to  a  figure 
vrith  one  side  less,  until  it  is  brought  to  one  with  only  three 
sides. 

Tor  example;  Let  it  ha  required  to  reduce  the  polygon 
ABCDEF,  into  a  triangle  lAH,  with  its  summit  at  A,  in  the 
circumference  of  the  polygon,  and  its  base  on  the  base  thereof 
prolonged. 

1.  Draw  the  diagonal 
DF.  2.  Draw  EG  paral- 
lel to  DF.  3.  Draw  FG,g  , 
which  gives  ns  a  new  N 
polygon,  ABCGF,  with: 
one  side  less.  4.  To  reduce  ! 
ABCGF,  draw  AG,  and  \- 
parallel  thereto  FH;  then 
join  AH,  and  a  polygon  ABCH,  is  obttuned  equal  to  the  pro- 
ceeding one  ABCGF.  5.  The  polygon  ABCH  having  a 
side  AH,  which  may  serve  for  a  side  of  the  triangle,  we  have 
only  to  reduce  the  part  ABC,  by  drawing  AC,  and  parallel 
thereto  BI;  join  AI,  and  we  obtun  the  required  triangle 
lAH. 

Cor.  As  a  triangle  may  be  changed  into  another  of 
any  given  height,  and  with  the  angle  at  the  base  equal  to  a 
given  angle ;  if  it  be  required  to  reduce  a  polygon  to  a  triangle 
of  a  given  height,  and  the  angle  at  the  base  also  given,  you 
must  first  reduce  it  into  a  triangle  by  this  problem,  and  then 
change  that  tdangle  into  one,  with  the  data,  as  given  In  the 
problem  last. 

Cor.  If  the  given  fignre  is  a 
parallelogram,  draw  the  diago- 
nal EC,  and  DF  parallel  there- 
to; join  EF,  and  the  triangle 
EBF  is  equal  to  the  parallelo- 
gram EBOD. 
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Tojind  the  length  of  the  line  AB  accessible  only  at 
both  ends. 

Having  fixed  on  some  con-  v^ 
venient  point  O,  measure  BO 
and  AO ;  and  prolong  those 
lines  till  OC  =  OB,  and  OD 
=  0A;  then  the  distance  be- 
tween the  points  D  and  C  will 
be  eqnal  to  AB,  for  the  sides  of  the  triangles  COD,  BOA 
about  the  equal  angles  at  O  are  respectively  equal,  therefor* 
the  third  sides  CD,  BA  will  also  be  equal. 


^ 


Tojind  the  distance  of  an  inaccessible  object  O  bymeaTW 
of  a  rhombus. 

With  a  line  or  measuring  tape  whose  length  is  equal  to  the 
side  of  the  intended  rhombus,  lay  down  one  side  BA  in  the 
direction  BO,  and  let  BC  another  side 
be  in  any  convenient  direction :  fasten 
two  ends  of  two  of  those  lines  at  C  anif 
A;  then  the  other  ends  (at  D)  being 
kept  together,  and  the  lines  stretched  -^ 
on  the  ground,  those  Hoes  AD,  CD, 
wfll  form  the  other  two  sides  of  the 
rhombus.     Set  up  a  mark  at  E,  where 
00,  AD,  intersect ;   and  measure  ED ; 
then  the  sides  of  the  triangles  EDO, 
CBO,  being  respectively  parallel,   the 
triangles  will  bo  similar :  hence,  ED :  DC : :  CB :  BO. 

Suppose  the  side  of  the  rhombus  is  100  feet,  and  RD  = 
11^.7  m.— then,  II/b  :  100::  100:  Q&Z  feet  nearly  =  BO. 

If  the  ground  be  nearly  level,  a  rhombus,  whose  side  is  100. 
feet,  will  determine  distances  to  the  extent  of  300  yards  within 
a  very  few  feet  of  the  truth. 


*,„. 
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Pbob.  XV. 

To  find  (he  length  of  the  line  AD,  inaccembU  at  the  poiiit  D. 

He  meaaurement  of 
the  line  AD  sopposed 
to  be  run  for  the  deter- 
mination of  a  boundar;^, 
is  stopped  at  B  by  a 
rirer  or  other  obstacle. 

The  point  F  is  taken 
np  in  the  line  at  about 
the  estimated  breadth  of  the  obstacle  from  B ;  and  a  mark  set 
up  at  £  at  right  angles  to  AD  iirom  the  point  B,  and  about  the 
same  distance  as  B:^.  The  theodolite  b^ng  adjusted  at  E,  the 
angle  EEC  is  made  equal  to  BEF,  and  a  mark  put  up  at  0  in 
the  line  AD;  BO  is  then  evidently  equal  to  the  measured 
distance  FB. 

If  the  required  termination  of  the  line  should  be  at  any  pomt 
C'l  its  distance  from  B  can  be  determined  by  merely  reversing 
the  order  of  the  operation,  and  making  the  angle  BE^  equal 
to  BEC,  the  distant  BF  being  subsequently  measured.  There 
is  no  occasion  in  either  case  to  read  the  uigles.  The  instru- 
ment being  levelled  and  clamped  at  zero,  or  any  other  marked 
division  of  the  limb,  is  set  on  B ;  the  upper  plate  is  then  un- 
damped, and  the  telescope  pointed  at  F,  when  being  agfuu 
clamped,  it  is  a  second  time  made  to  bisect  B ;  releasing  the 
plate,  the  telescope  is  moved  towards  D  till  the  vernier  indicates 
zero,  or  whatever  number  of  degrees  it  was  first  adjusted  to, 
and  the  mark  at  C  has  then  only  to  be  placed  in  the  line  AD, 
and  bisected  by  the  intersection  of  the  cross  wires  of  the 
telescope.  '  4 

If  it   is  impossible  to  ^te\       M^ 

measure  a  right  angle  at  A.  ""i^         'il 

B,  from  some  local  ob- 
struction, lay  off  any  con- 
venient angle  ABE  and 
set  up  the  theodolite  at  E. 
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Make  the  angle  BGC  equal  to  one-ttalf  of  ABE,  andamark 
being  set  up  at  C  in  the  prolongation  of  AB,  EC  is  evidently 
eqtial  to  BE,  which  must  be  measured,  and  which  may  at  the 
same  Ume  be  made  snbservient  to  the  purpose  of  delineating 
the  boundary  of  the  river, 


Peob.    XVI. 

Tojind  the  distance  to  any  inaccessible  point,  on  the  other  side 
of  a  rioer,  without  the  use  of  any  instrument  to  n 

Prolong  AB  to  any  point 
D ;   making   BG    equal    to 
CD;  lay  off  the  same  dis- 
tances in  any  direction  Dc  = 
ch :  —  mark  the  intersection 
E  of  the  line  joining  Be  and 
ebi  mark  also  F  the  inter- 
section of  DE  produced,  and 
of  Ai  —  produce  D*,    and 
BF,  till  they  meet  in  a,  and 
yi&  =  AB^ 
flc  =  AC  V 
ad  =AD  J 


Tojind  the  point  of  intersection  of  two  lines  meeting  in  a  lake  or 
river,  and  the  distance  DB  to  the  point  of  meeting. 

From  any  point  F  on 
the  line  AX  draw  FD, 
and  from  any  other 
point  E  draw  ED,  pro- 
dnce  both  these  lines 
to  H  and  G,  making 
the  prolongations  either 
eqaal  to  the  lines  them- 

pelves,  or  any  aliquot  part  of  their  length,  suppose  one-half; 
join  HG,  and  produce  it  to  O,  where  it  meets  the  line  0B» 
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then  OH  is  one-half  of  EB,  and  OD  equal  to  half  of  DB ; 
which  results  give  the  point  of  intersection  B,  and  the  distance 
to  it  from  D.  

Pbob.  xvm. 

To  find  the  height  of  a  point  on  an  inaceessUtU  hill  mtkottt  the 
use  of  instruments. 

Drive  a  picket  three 
or  fonr  feet  long  at  I^ 
and  another  at  L,  where 
the  top  of  a  long  rod 
FD  is  in  a  line  with  the 
object  S  from  the  point 
A  (the  heads  of  these 
pickets  being  on  the 
same  level) ;  mark  also- 


the  point  C,  where  the  h — 6  t~ 
head  of  the  rod  is  in  the  same  line  with  S,  from  the  top  of  any 
other  picket  B ;  and  measure  AF  and  BC ;  lay  off  the  distance 
BC  from  F  tb  i,  and  the  two  triangles  ADi  and  ASB  are 


PS  therefore  =  DF.  —  and  AP  =  AF.  — 


Prob.  XIX. 
HotB  to  lay  off  a  perpendicular  with  l/ie  chain. 
Suppose  A  the  point  at  which 
it  is  required  to  erect  a  right- 
angle:  fix  an  arrow  into  the 
ground  at  A  through  the  ring  of 
the  chain,  marking  twenty  links;  »- 
measure  forty  links'  on  the  line 
AB,  and  pin  down  the  ejid  of  the  chain  firmly  at  that  spot, 
then  draw  out  the  remaining  dghty  links  as  &r  as  the  chain 
will  stretch,  holding  by  the  centre  fifty-link  brass  ring  as  at  G 
— the  sides  of  the  triangle  are  then  in  the  proportion  of  thre^ 
four,  and  fir^  and  ctuisequently  GAB  must  be  a  right-angle. 
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An  angle  equal  to  any  other  angle  can  also  be  marked  on' 
tiie  ground,  with  the  chain  only,  by  tneasaring  equal  distancea 
on  the  sides  containing  it,  and  then  taking  the  length  of  the 
chdrd:  the  aame  distances,  or  aliquot  parts  thereof,  will,  of 
course,  measure  the  same  angle. 

Peob.  XX. 
To  avoid  an  oititacle  such  as  a  house,  in  your  chain  line. 

The  usual   way  of 

aToiding  an  obstacle  of 

only  a  chain  or  two  in 

length  such  as  a  house,  isby  taming  off  to  the  right  or  left  at 

right  angles  till  it  is  passed,  and  then  returning  in  the  same 

manner  to  the  original  line. 

A  more  convenient  method 
b  to  measure  on  a  line  mak- 
ing an  angle  of  BO'"  with 
the  original  direction  a  dis- 
tance sufficient  to  clear  the 
obstacle,  and  to  return  to  the 
line  at  the  same  angle,  mak- 
ing CD  =  BC  the  distance  BD  is  then  equal  to  either  of  these 
measured  lines. 

Peob.  XXL 


Let  A  and  B  be  two 
stations,  whose  places 
are  fixed,  and  we  want 
to  determine  the  point 
C.  Take  the  bearing  of 
A,  128''N'.'W.:  having 
done  which,  we  know, 
that  C  bears  from  A, 
128''S.E.  Adjust  the 
protractor  at   A,  by 


Tojind  your  place  in  a  Survey. 
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means  of  the  e&at  and  west  parallel  lines,  and  lay  off  128** 
S.  E.,  the  bearing  of  C;  which  point  G  must,  we  know, 
lie  somewhere  in  the  line  thus  obtained.  Next,  take  the 
bearing  of  B  63°  N.  'E.,  and  having  adjusted  the  protractor' 
at  B,  lay  of  63°  S.  W.,  and  where  a  line  drawn  from  B  (to 
represent  this  bearing)  cuts  the  line  or  bearing  drawn  from  A, 
is  the  required  station  C. 

The  above  may  be  put  into  a  short  rule :  thus —  To^nd  your 
station  by  observations  taken  to  two  points  already  known. 
Protract  from  those  points  the  opposite  bearings  to  what  you 
observe,  and  their  intersection  fixes  the  place  sought  For 
example,  if  the  bearing  to  a  point  be  20°  N.  K.,  protract  from 
that  point  20°  S.  W.,  &c. 

KoTS.  That  the  nearer  your  two  b«ariiiga  meet  at  a  right  angle,  the 
more  correct  will  the  station  be  determined :  and  also,  that  irhen  a  Uiird 
fixed  point  can  he  seen,  a  betu'iiig  to  it  will  serre  to  corroborate  your 
other  observations ;  and  a  point  ao  obtuned,  namelj,  by  the  exact  meet- 
ing of  three  bearings,  becomes  as  good  as  any  other  poinL 

The  above  is  a  very  useful  problem— indeed,  indispenaable  when 
sketching  ground  and  filling  in  a  survey. 


To  describe  on  a  given  line  BC,  a  segment  of  a  circle,  capable 
of  containing  a  given  angle. 

Bisect  BC  in  A.  2.  Through 
the  point  of  bisection,  draw 
the  indefinite  right  line  BE 
perpendicular  to  BC.  3.  Upon 
BC,  at  the  point  C,  make  each 
of  the  angles  DCB,  FOB,  GCB, 
HCB,  respectively  equal  to  the 
difference  of  the  angles  of  the 
intended  segments  and  90  de- 
grees :  the  angle  to  be  formed 
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on  the  same  side  with  the  segment,  if  the  angle  be  leas  than 
90;  hat  on  the  opposite  side,  if  the  angle  is  to  be  greater 
than  90.  d^rees.  4.  The  poiata  D,  F,  0,  H,  where  the  angular 
Unes  CD,  CF,  CG,  CH,  intersect  the  line  DE,  will  be  the 
centres  of  the  intended  segments. 

TboB,  if  the  intended  segment  is  to  contain  an  angle  of  120* 
make  (on  the  opposite  side  to  which  yon  intend  the  segment  to 
be  described,)  the  angle  DCB  eqoal  to  30",  the  difference  be- 
tween dO°  and  ISO";  then  on  centre  D,  and  radios  DC. 
describe  the  segment  CaB  in  every  part  of  which,  the  two 
points  C  and  Bwill  subtend  an  angle  of  120  degrees. 

If  we  want  the  s^ment  to  contain  80  degrees  at  0, 
make  the  angle  BCG,  eqnal  10  degrees,  and  on  the  same  side 
of  BG  as  the  intended  segment ;  then  on  G,  with  radios  GG 
describe  segment  C^B,  in  every  part  of  which  C  and  B  will 
snbtend  an  angle  of  80  degrees. 

NoTB.  Two  objects  caa  otUy  be  seea  under  the  lame  angle,  from 
■ome  part  of  s  circle  paasing  through  those  objects,  «nd  the  place  of 
observation. 

"  If  the  Angle  under  which  those  objects  appear,  be  less  than  90°,  the 
place  of  obserration  will  be  somewhere  in  the  greater  segment,  and  those 
objects  will  be  seen  under  the  same  angle  from  every  part  of  the 


"  If  the  Angle,  under  which  those  objects  are  seen,  be  more  than  90*, 
the  place  of  observation  will  be  somewhere  in  the  lesser  segment,  and 
those  objects  will  be  seen  under  the  same  angle  from  everj  part  of  that 
segment."  Hence,  from  the  litualion  of  three  known  objects,  we  are 
able  to  determine  Che  statical  point  with  accuracy . 


To  determine  the  position  of  a  point,  Jrom  whence  three  pointi 
of  a  triai^le  can  be  discovered,  whose  distances  are  known. 

llie  point  is  either  witboat,  or  within  the  given  triangle  or 
in  the  direction  of  two  points  of  the  triangle; 
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Case   lit.   When  the  thr^e  given  objects  Jbrm.a  triangle,  and  the 
point  or  slatioa  whose  position  is  required,  is  without  the  triangle. 

Example.  Suppose  we  want 
to  determine  the  position  of  a 
rock  D,  from  the  shore:  the 
distances  of  the  three  points 
A,  C|  B,  or  rather  the  three 
Bides,  AC,  CB,  AB,  of  the  tri- 
angle ABC  being  given. 

In  the  first  place,  the  angles  ADC,  CDB,  most  be  measured 
by  atheodiiitej  then  the  situation  ofthe  point  D  may  be  readilj 
found,  either  by  calculation  or  construction. 

Bg  Construction,  Method  1.  On  AG 
describe  by  the  preceding  problem,  a 
circle  capable  of  containing  an  angle  ' 
equal  to  the  angle  ADC  ;  on  CB,  a  seg- 
ment containing  an  angle  equal  to  the 
angle  CDB;  and  the  point  of  intersection 
D  is  the  place  required. 

Another  method.  Make  the  angle 
EBA,  equal  to  the  angle  ADE,  and  the 
angle  BAE  equal  to  the  angle  EDB. 
Through  A,  B,  and  the  intersection  E, 
describe  a  circle  AEBD ;  through  E,C, 
draw  EC,  and  produce  it  to  intersect 
the  circle  at  D  ;  join  AD,  BD,  and  the  distances  AD,  CD,  BD, 
will  be  the  required  distances. 

Bg  Calculation.  In  the  triangle  ABC,  are  given  the  three 
sides,  to  find  the  angle  BAG.  In  the  triangle  AEB,  are  given 
the  angle  BAE,  the  angles,  ABE,  AEB,  and^be  side  AB,  to 
find  AE  and  BE. 

In  the  triangle  AED,  we  have  the  side  AE,  and  the  angles 
AED,  ADE,  and  consequently  DEA,  to  find  the  sides  AD, 
andDE. 

The  angle  ADE,  added  to  the  angle  AEC,  and  then  taken 
&om  180",  gives  the  angle  DAE.    The  angle  CAB,  taken 
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ttom  the  angle  DAE,  gives  the  angle  CAD,  and  hence  DC. 
Lastly,  the  angle  AEC,  taken  fix>m  AEB,  gives  DEB,  and 
CODBeqnently,  in  the  triangle  DEB,  we  have  EB,  the  angle 
DEB,  and  the  angle  EDB,  to  find  BD.  - 

In  this  method,  when  the  angle  BDC  is  less  than  that  of  B  AC, 
the  point  0  will  be  above  the  point  E ;  bat  the  calculation  is  so 
similar  to  the  foregoing,  as  to  reqnire  no  particular  explanation. 

When  the  points  E  and  C  fall  too  nearly  together,  to  produce 
EC  towards  D  with  certainty,  the  first  method  of  constructioii 
is  the  most  accorate. 

Case  2nd.  When  the  given  place  or  station  D,  it  without  the 
triangle  made  by  the  three  given  c^ecti  A,  B,  C,  but  in  a  Hne 
with  one  of  the  tides  produced. 

Measure  the  angle  ADB,  then  the  - 
problem  may  be  easily  resolved,  either 
by  construction  or  calculation. 

Sg  Conttruction.  Subtract  the  measur-  _ 
ed  angle  ADB  Irotn  the  angle  CAB, 
and  we  obtain  the  angle  ABD;  then  at 
B,  on  tho  side  BA,  draw  the  angle  ASD,  and  it  will  meet  the 
produced  side  CA  at  D;  and  DA,  DC,  DB,  will  be  the  required 
distances. 

Bg  Calculation.  In  the  triangle  ABD,  the  angle  D  is  obtain- 
ed by  observation,  the  angle  BAD  is  the  supplement  of  the 
angle  CAB :  two  angles  of  the  triangle  being  thus  known,  the 
third  is  also  known;  we  have,  consequently,  in  the  triangle  ABD, 
three  angles  and  one  side  given  to  find  the  length  of  the  other 
two  sides,  which  is  readily  obtained. 

Case  3rd.     When  the  station  point  it  \ 
given  triangle, 

Bg  Construction.  1.  Measure  the  an^ 
BDC   2.  Make  the  angle  BAE  e^nal  to 
Rie  observed  angle.    3,  Draw  CD  paral- 
lel to  EA,  and  D  is  die  station  point 
required. 
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By  CiUcuIatum,  Find  the  Angle  B  in  the  triutgle  ABC, 
thai  the  angles  B  and  BDC  being  known,  we  obtain  DCB; 
and  ctsweqnently,  as  Sine  of  the  uigle  BDC  :  BQ  : :  Siue  of 
the  angle  DCB  :  BD. 


Case  iik.     When  the  three  given  place. 


e  in  a  straight  line. 


ExtmtpU.  Bdng  at  sea,  near  a  strai^t  shore,  I  obserr- 
ed  three  objects,  A,  B,  0,  which  were  truly  laid  down 
on  my  chart ;  I  wished  to  lay  down  the  place  of  a  sunken 
rock  D;  for  this  purpose  tl^  angles  ADB,  BDC,  were 
observed. 

D_ 

By  Construction.  Method  I.  On  AB, 
describe  the  segment  of  a  circle,  capable 
of  contaiiung  the  observed  angle  ADB, 
On  BC  describe  the  segment  of  a  circle, 
capable  of  containing  the  angle  BDC ;  the 
point  D  will  be  at  the  intersection  of  the      ^  ^ 

arcs,  and  by  joining  DA,  DB,  DC, -die  required  distances  are 
obtained. 

Method  2.  Make  the  angle  ACE, 
equal  to  ADB,  and  the  angle  EAC 
equal  to  BDC ;  and  from  the  point  of 
intersection  E,  through  B,  draw  a  line 
to  ED,  to  intersect  the  arc  ADC ;  join 
A,  D,  and  D,  C,  and  DA,  DB,  DO, 
are  the  required  distances. 

B}f  Calculation.  1.  In  the  triangle  CAE,  we  have  all  the 
angles,  and  the  dde  AC,  to  find  AE.  2,  In  the  triangle 
ABE,  AB,  AE,  and  the  included  angle  are  given,  to  find 
the  angles  AEB,  ABK  3.  In  the  triangle  BDC  the  angles 
BDC  and  DCB  (=  ABE)  are  given,  and  consequently 
the  angle  DCB  and  the  side  BCj  hence  it  is  easy  to  ob- 
tain DB. 
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Case  5tk.     When  the  station  falls  within  the  triangle,  formed 
hy  Ae  three  given  o&fects. 

Let  ABC  rejwesent  three  towers, 
whose  distance  fk>m  each  other  is  known ; 
to  find  the  distance  from  the  tower  D, 
measure  the  angles  ADC,  BDC,  ADB. 

By  Gmstruction.   On  two  of  the  given   : 
sides   AC,   AB,  describe  segments  of 
circles  capable  of  containing  the  given 
angles,  and  the  point  D  of  their  intersec- 
tion will  be  the  required  place. 

Another  Method.  Make  the  angle 
ABE,  equal  to  the  angle  ADE,  and 
BAE  equal  to  BDE;  describe  a  circle 
through  the  three  points  A,  B,  E,  and 
joki  E,  C,  by  the  line  EC;  the  point  D, 
where  EC  intersects  the  circle  E,  A,  D, 
B,  E,  will  be  the  required  station. 

Case  6th.     When  the  station  point  D,  falls  mthout  the  triangle 
ABC,  hut  Hie  point  C falls  towards  D. 

Let  A,  B,  C,  represent  three  towers, 
whose  respective  distances  from  each 
other  are  known;  required  their  dis^ 
tance  &oni  the  point  D. 

Measure  the  angles  ADC,  BDC,  and  ' 
to  prove  the  truth  of  the  observations, 
measure  also  ADB. 

By  Construction.  Method  1.  On  AC,  ; 
describe  a  circle  capable  of  containing 
the  angle  BDC,  and  on  AB,  one  capable 
of  contuning  the  angle  ADB,  and  the 
point  of  intersection  will  be  the  place 
required. 

Or,  it  may  be  constructed  by  Method  2,  Case  1 .  The  calcu- 
lation is  upon  principles  so  exactly  like  those  given  in  that 
Case  that  a  further  detail  would  be  superfluous. 
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The  above  instances  are  sufEcient  to  illustrate  this  problem, 
which  is  extensively  useful  in  Maritime  Surveying,  to  deter^ 
mine  the  posiUons  of  rocks,  sands,  &c.,  at  a  distance  from  the 
coast:  but  the  operation  may  be  very  much  shortened,  by 
making  use  of  an  instruoient  called  a  station  pointer,  which 
can  be  set  to  the  observed  angles,  and  then  applied  to  the 
map  or  plan,  so  as  to  fix  the  station  at  once:  or,  the  observed 
angles  may  be  drawn  on  transparent  tracing  paper,  and  then 
apt>Iied  to  the  plan;  which  method  will  be  found  to  answer 
the  purpose. 


The  distance  of  two  objects  A,  B,  and  the  angles  ADB,  BDC, 
BCA,  being  given,  to  find  the  distance  of  ike  two  stations 
D,  C,from  the  objects  A,  B.- 

By   Construction.     Assume  dc 
any  number  at  pleasure,  and  make 
tlie  angles  bdc,  ode,  S^c,   respec- 
tively equal  to  the  angles  BDC, 
ADB,  &&,  and  join  ab ;  it  is  plain 
that  this  6giire  must  be  similar  to ' 
that  required ;  therefore  draw  AB,  equal 
to  the  given  distance,  and  make  ABC 
equal  to  abc,  BAC  to  bac,  and  so  on 
respectively;  join   the  prants,  and  we 
have  the  distances  required. 

,  Bt/  Calculatuis.  In  the  triangle  ade,  we  have  dc,  adc,  and 
acd,  to  find  ad,  ac ;  in  bed,  we  have  in  like  manner  the  three 
angles,  and  de,  to  find  db,  be. 

In  the  trismgle  adb,  we  have  ad,  bd,  and  the  angle  adS,  to 
find  ab.  Hence  by  the  nature  of  similar  fignres,  as  ai  to 
AB^:  dc  :  DC  :■,  ad  I  AD  iibdiBD:;  be  I  BC. 
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The  distances  of  three  objects  A,  B,  C,  from  each  olJier,  and 
Uie  angles  ADC,  GDE,  CED,  CEB,'bdng given,to  Jtnd  the 
sides  AD,  DC,  DE^  EC,  mid  EB. 


Asstune  any  line  dc,  at  plea- 
sure, make  the  angle  ede  equal 
to  the  angle  CDE,  and  the  angle 
ced  equal  to  the  angle  CED; 
also  the  angle  cda  equal  to  the 
angle  CDA,  and  the  angle  ceb 
equal  to  the  angle  CEB;  pro- 


duce ad,  be,  to  intersect  each  other  at^  and  join  cf. 


It  is  evident  that  the  figures  cdfe, 
CDFE,  are  similar;  therefore,  on  AC, 
deaeribe  a  segment  of  a  circle,  capable  of 
containing  an  angle  AFC  equal  to  afc ; 
and  on  C  B  a  segment  capable  of  contain- 
ing an  angle  CFB,  equal  to  Hie  angle 
fcbi  from  the  point  of  intersection  F, 
draw  FA,  FB,  FC;  make  the  angle  FCD  equal  to  the  angle 
fed,  and  FCE  equal  to  the  angle /w,  which  completes  the  con- 
struction ;  then  by  assuming  de  equal  to  any  number,  the  rest 
may  be  found  as  before. 

This  method  fails  when  AB 
is  parallel  to  DE,  therefore, 
having  described  the  segments 
ADC,  BEO,  draw  CF,  to  cut 
off  a  segment  equal  to  the  angle 
CDF,  and  the  right  line  CG,  to 
out  off  a  segment  equal  to  the 
angle  CEG ;  GF  will  be  in  the  right  line  DE ;  therefore,  join 
GF  and  produce  the  line  each  way,  till  it  intersects  the  seg- 
ments, and  the  points  D,  E,  will  be  the  stations  required. 
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Prob.  XXVT. 

Fmtr  pointt  B,  C,  D,  F,  or  the  four  tide*  of  a  qnadrihUeral 
Jigwre,  with  its  angles  being  given,  and  the  angles  BA  C,  BAE, 
AED,  DEF,  known  bg  observation,  to  find  the  statioit  points 
A  and  E,  and  consequently,  the  length  of  the  lines  AS,  AC, 
ED,  EF. 

By  Construction,  1. 
On  BC  describe  the 
s^ment  of  s  circle,  to 
contain  an  angle  equal 
to  BAG.  2.  From  0 
draw  the  chord  CM',  so 

that  the  angle  BCM  may  he  equal  to  the  supplement  of  the 
angle  BAE.  3.  On  DF  describe  the  segment  of  a  circle 
capable  of  containing  an  angle  equal  to  DEF;  join  MN,  cat- 
ting the  two  circles  at  A  and  E,  the  required  points. 

Bg  Calculation.  In  the  triangle  BCM,  the  angle  BCM, 
(the  supplement  of  BAB,)  and  the  angle  BMC,  (=  BAC,) 
and  the  side  BC  are  given,  wl4>><:6  i*^  is  ^^7  to  6nd  MC.  In 
the  same  manner,  DN  in  the  triangle  DNF  may  be  found ; 
but  the  angle  MCD,  (  =  BCD,  —  angle  BCM)  is  known 
with  the  sides  MO,  CD;  consequently,  MD,  and  the  angle 
MDC,  will  be  readily  found. 

The  angle  MDN,  <  =  angle  CDF,  —  CDM,  —  FDN)  and 
MD,  DN,  are  known;  whence  we  find  MN,  and  the  angles 
DMN,  DNM. 

The  angle  CMA,  (  —  DM0  +  DMN,)  the  angle  MAC, 
(  =  MAB  added  to  BAG,)  and  the  side  MC  are  given; 
therefore,  by  calcolation,  MA,  and  AC  will  also  be  known. 

In  the  triangle  EDN,  the  side  DN,  and  the  angles  E  and  N 
are  given:  whence  we  find  EN,  ED,  and,  consequently,  AE 
equals  MN,  —  MA,  —  EN. 

In  the  triangle  ABO,  the  angle  A,  with  its  sides  BC,  AC, 
are  known;  hence  AB,  and  the  angle  BOA,  are  found. 
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In  the  triangle  EFD,  the  angle  E,  with  the  sidea  ED,  DF, 
being  known,  EF  and  the  angle  EDF  can  be  found. 

Lastly,  in  the  triangle  ACD,  the  angle  ACD,  (  =■  BCD, 

EGA,)  and  AC,  CD,  are  given;  hence  AD  is  fotind,  as  in 

the  same  manner  EO  in  the  triangle  ECD. 

NoT«.— In  this  Problem,  and  in  Problems  XXIV  and  XXV,  if  the 
two  Btationa  fall  in  a  right  line  with  either  of  the  pven  dbjecta,  the  pro- 
blem IB  bdeterminate.  As  to  the  other  cases  of  this  problem,  they  fall 
in  with  wh|d  has  alreadj  been  said. 

The  Bolntion  of  this  problem  is  general,  and  ma;  be  used  for  the  two 
preceding  ones;  for  Bimpo8e  CD  the  same  point  in  the  last  Sgure,  it  gives 
the  solution  of  Problem  XXV.,  but  if  B,  C,  be  supposed  the  same  points 
D,  F,  we  obtwn  the  solution  of  Problem  XXIV. 


Pbob.  XXVIL 
To  reduce  angles  to  the  centre  of  the  station. 

In  snrveTs  of  kingdoms,  yovinces,  counties,  &c.,  where 
signals,  churches,  &c,  at  a  distance,  are  used  for  points  of 
obserration,  it  very  often  happ^is  that  the  instrument  cannot 
be  placed  exactly  at  the  centre  of  the  «gnal  or  mark  of  obser- 
vation; conseqaendy,  the  angle  observed  will  be  either 
greater,  less,  or  equal  to  that  which  would  have  been  found  at 
the  centre.  This  problem  shows  how  to  reduce  them  to  the 
centre;  the  correction  seldom  amounts  to  more  than  a  few 
seconds,  and  is,  therefore,  seldom  considered,  unless  where 
great  accuracy  is  required. 

The  observer  may  be  considered  in  three  diflnr«it  posittoos 
with  respect  to  the  centre  and  the  objects ;  for  he  is  either  in  a 
line  with  the  c^tre,  and  one  of  these  objects,  or  in  an  inter- 
mediate one,  that  is,  a  line  from  this  centre  to  the  observer 
produced,  would  pass  between  the  objects ;  or  he  is  in  an 
oblique  direction,  so  that  a  line  from  the  centre  to  him  would 
pass  without  the  objects, 
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Case  Ut.  Where  the  observer  is  at  o, 
between  the  centre  and  one  of  the  objects, 
the  exterior  angle  moa,  I3  greater  than 
the  angle  men,  at  the  centre,  bj  the 
angle  emo;  therefor^  taking  emo  from 
the  observed  angle,  we  have  that  at  the 
centre; 

If  the  observer  is  at  a  the  exterior  angle  man,  is  greater 
than  that  of  men,  at  the  centre,  hj  the  value  of  n  ;  therefore, 
take  this  from  the  centre.  But  if  the  observer  is  further  from 
the  objects  than  the  c^tre,  as  at  i,  the  observed  angle  mia,  is 
less  than  that  at  the  centre  men,  by  the  angle  m ;  therefore,  by 
adding  m  to  the  observed  angle,  we  obtain  the  angle  mett,  at 
the  centre.  In  the  same  manner,  if  the  observer  is  at  u,  we 
shonld  ad<^  the  angle  n  to  the  observed  angle  mun,  in  order  to 
have  the  angle  men,  at  the  centre. 

Cab£  2nd.  When  the  observer  is  at  o, 
draw  00,  and  the  interior  angle  (f  exceeds  '' 
the  angle  u  at  the  centre  by  tjj^e  angle 
m,  and  the  exterior  angle  c  exceeds 
the  angle  at  the  centre  a,  by  the 
angle  n ;  therefore,  mon  exceeds  the 
angle  at  the  centre^  by  the  value  of  the  two  angles  m  and  n ; 
these,  therefore,  most  be  subtracted  from  it,  to  obtain  the 
central  angle.  On  the  contrary,  if  the  observer  is  at  a,  the  two 
angles  m  and  n  must  be  added  to  the  observed  angle. 

Case  3rd,  When  the  observer  is  at  o, 
having  measured  the  angles  mon,  moe,  the 
angle  i  is  exterior  to  the  two  triangles 
jHoi,  net ;  therefore,  to  render  JTien,  equal 
to  min,  we  must  add  the  angle  n ;  and 
to  render  the  exterior  angle  nun,  equal 
to  the  observed  angle  man,  we  must  take  away  the  angle  m ; 
therefore,  adding  m  to  the  observed  angle^  and  subtracting  n 
from  the  total,  we  obtain  the  central  angle  m  or  n. 
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From  what  has  been  said,  it  is  clear,  that  in  the  first  case, 
we  are  to  add  or  subtract  froui  the  observed  angles,  that 
of  the  angles  m  or  n,  which  is  not  in  the  direction  of  the 
observer. 

Id  the  second  case,  we  have  either  to  subtract  or  add  the 
two  angles  m  or  n. 

In  the  third  case,  we  add  to  the  observed  angle,  that  of  the 
two  m  or  n,  which  is  of  the  same  side  with  the  observer,  and 
subtract  the  other. 

To  know  the  position  of  the  observer,  care  must  be  taken  to 
measare  the  distance  of  the  instrnment  from  the  centre^  and 
the  angles  this  centre  makes  with  the  objects. 

An  inspection  of  the  figures  is  sufficient  to  show  how  the 
value  of  the  angles  tn,  n,  may  be  obtained.  Thus,  in  the  triangle 
moe,  we  have  the  angle  at  o,  the  distance  oe,  and  the  distances 
em,  om,  (which  are  considered  as  eqaal,)  given. 


peob.  xxvin.  ■ 

To  reduce  triangUsfrom  one  plane  to  another. 

After  the  reduction  of  the  observed 
angles  to  the  centre  of  each  respective 
station,  it  is  generally  necessary  to  re- 
duce the  parts  of  one,  or  of  several 
triangles  to  the  same  level. 

Case  1.     Let  ns  suppose  the  three 
points  A,  F,  E,  to  be  equally  distant  from  the  centre  of  the 
earth,  and  that  the  point  B  is  higher  than  these  pmnts  by 
the  distance  or  quantity  RE;  now  it  is  required  to  reduce 
the  triangle  APR  to  that  of  APE. 

By  the  following  rule,  we  may  reduce  the  angles  RAP, 
RPA,  which  have  their  summits  in  the  plane  of  reduction,  to 
the  angles  EPA,  EAP. 
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Bule.  The  co-sine  of  the  reduced  angle  is  equal  to  the  co- 
sine of  the  observed  angle,  divided  by  the  co-sine  of  the  angle 
of  elevalion. 

These  two  angles  being  known,  the  third  angle  E  is  conse- 
qaentlj  known;  we  sbatt,  however,  give  a  rule  for  finding 
AEF,  independent  of  the  other  two. 

SuU.  The  co-fline  of  the  reduced  angle  is  equal  to  the  co- 
sine  of  the  observed  angle,  lessened  by  the  rectangle  of  the  sines 
the  angles  of  elevation,  divided  by  the  rectangle  of  the  co- 
sine of  the  same  angles. 

The  reduction  of  the  sides  can  be  no  difficulty. 

Case  2.    Let  ARr,  be  theR  j^- / .^.-      p 

triangle  to  be  reduced  to  the     \  \„— ^';'  "^'^     / 

plane  AEle,  the  points  E,  e,  of     "Cx  ■ 

the  vertical  lines  RE,  «,  being        V.         i        / 

supposed  equally  distant  from  \.,    |  /    y 

the  centre  of  the  earth.  Ni'V 

Prolong  the  plane  AEe,  to  P,  ^^ 

that  is,  till  it  meets  the  line  Rr,  produced  to  F;  and  the  value 
of  EAe,  will  be  found  by  this  formula. 
Tangent  i  (PAR     +    .PAr)     =     tangent    i  RAr     x 

r^ — :  f /u  Air        *  \'     Knowing  the  half  sum  and  half 
tangent  i  (RAh — rXe)  ^ 

difference  of  PAR,  and  PAr,  we  obtain  the  value  of  each  of 

the  angles ;  the  value  of  FAE,  and  PAe,  may  be  then  obtained 

by  the  first  of  the  two  preceding  rules,  and  the  difference 

between  them  is  the  angle  sought. 

Let  C  be  the    centre  of  the  earth,  a  ^- 

and  AB  the  side  of  a  triangle  reduced  D\^ 

to  a  common  horison  by  the  preceding 

methods;   if  it  be    required  to  reduce 

this  to  the  plane  DE,  as  these  planes 

are  parallel,  the  angles  will  remain  the 

same ;  therefore,  the  sides  only  are  to  be  reduced,  the  mode 

of  peribrming  which  is  evident  from  the  figure. 
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Pbob.  XXIX. 
Method  of  carrying  on  a  triangulation  for  any  survey,  whether 
the  object  be  to  find  the  distance  between  ttoo  given  points  or 
for  any  other  purpose  whatever. 
Let  AB  be  a  base  of  2  miles, 
or    3520  yards;    and    suppose 
poles  or  flag-staves    are  set  up 
at  the  stations  A,  B,  C,  D,  G ; 
and    that    the    angles  at   those 
stations,   taken    with  a    theodo- 
lite, are  the  following : 

C  A  B  =  64°  29' 
0  B  A  =  75  15 
A  C  B  =  40   18 


D  C  G  =-  73»  58' 

CDG  =.  51   27 
C  G  D  =  54   33 


Sum  =  180   I 

B  C  D  =  53  < 
G  B  D  ■=  64  < 
B  D  0  ■=  62 


Sum  = 


179  58 


DGP  =  71    07 
GDP  =  46    51 


14 


Sum  =  180    03 
It  is  required  to  find  the  distance  of  the  Spire  F  from  the 
Station  A. 

The  error  in  the  sum  of  the  three  observed  angles  of  the 
first  triangle  is,  2';  in  the  second,  3';  and  in  the  third,  2'.  The 
SD^e  at  P,  in  the  fourth  triangle,  b  supplemental. 

No  certain  rule  can  be  given  for  correcting  the  observed 
angles;  this  must  be  leftto  the  judgment  of  the  observer,  who, 
from  circumstances,  will  seldom  be  at  a  loss  to  point  out  where 
the  greatest  uncertiunty  lies.  To  make  the  calculation,  how- 
ever, we  will  suppose  the  corrected  angles  are 

C  A  B  =.  64"  28'  D  C  G  =  73"  58' 

0  B  A  =  75    14  C  D  G  =  51    28 

A  0  B  =  40    18  C  G  D  =  54   34 


Sum  =  180   00 


Sum  =  180  00 


jM,Cooglc 


B  0  D  —  53°  40' 
0  B  D  —  64   07 
B  D  C  —  62    13 

Stun  —  180  00 
Then, 
AsZ.ACBor  40°  18'  . 

DQP  —  71°  07' 

.       G  D  P  —  46  61 

G  P  D  =  62   02 

Snm  —  180  00 

.  Sine    9.810763 

:        A  B      „  3520      . 
::  Z.OAB  „  64° 28'  . 

.  Log.    3.546543 
.  Sine    9.955368 

13.501911 

:            0  B   „  4910.7    . 
A<ld^DOB„  53=40'    . 

.  Log.     3.691148  =  CBor4910.7 
.   Sine     9.906111 

Dedt^cBDO,,  62°  13'  . 

13.697259 
.  Sine     9.946804 

AddZ.CBD„  64°  07'    . 

Log.     3.650455 -BD  or  4471.5 
.  Sine    9.964090 

Dedt.iDOB„  53°  40    . 

13.604545 
.  Sine    a906111 

Add  I.  DOG  „  73°  58'   . 

Log.     3.698434  —  CDor4993.8 
.  Sine    9.982769 

DedtACQD,,  54"  34'    . 

13.681203 
.  Sine     9.911046 

Add  Z.  DQP  „  71°  07'   . 

Log.     3.770157  —  DGor5890.6 
.  Sine     9.975974 

Dedt^DPG,,  62°  02'    . 

13.746131 
.  Sine    9.946069 

Log.     3.800062  =  DPor63I0.5 
Now,  from  the  sides  BA,  BD,  and  the  included  angle  ABD 

=  139'  21/  we  get  the  angle  BDA  =  17"  48'  and  AD  -= 

7501.1  yards. 

And,  if  BDA  be  taken  from  160'  32/  the  angle  BDP,  there 

remains  142"  44'  the  angle  ADP,  which,  with  the  inclnding 

sides  AD  =  7504.1,  and  DP  ==  6310.6,  willgive  the  distance 

from  P  to  A  =  13093  yards. 
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When  triangles  are  carried  on  from  the  original  base  in  all 
directions,  the  distances  towards  the  extremities  may,  in  some 
respect,  be  verified  by  independent  calculation. 


To  refer  a  series  of  triangUi  to  a  Meridian  line,  and  another 
line  Perpendicular  to  it. 

This  method  should  be  adopted  wherever  extreme  accuracy 
is  required,  for  whatever  care  is  taken  to  protract  a  series  of 
triangles,  the  protractor,  the  points  of  the  compasses,  the  thick- 
ness of  the  line,  the  inequality  of  the  paper,  &c.  will  produce 
in  the  fixing  of  the  points  of  a  triangle,  an  error,  which,  though 
small  at  firsts  will  have  its  influence  on  those  that  succeed,  and 
become  very  sensible,  in  proportion  as  the  number  of  triangles 
is  augmented. 


Let  AB,  be  the  Meridian,  CD,  the  Perpendicular,  and  the 
triangles  oad,  dae,  deg,  egi,  gil,  those  that  have  been  observed ; 
from  the  point  o,  (which  is  always  supposed  to  be  on  a  meridian, 
or  whose  relation  to  a  meridian  is  known)  observe  the  angle 
Boa,  to  know  how  much  the  point  a  declines  from  the  meridian. 

In  the  right-angled  triangle,  oBa,  we  have  the  angle  Boa 
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and  the  right  angle  oBa,  kdA  conseqaentlj  the  angle  oaB 
together  vith  the  side  oa,  to  find  oB,  and  Bo. 

For  the  point  d,  add  the  angle  Boa,  to  the  observed  angle 
aod,  for  the  angle  dob,  or  its  equal  odm,  and  the  complement  is 
the  angle  mod,  whence  as  before,  to  find  om,  and  md. 

For  iiie  point  ff,  add  the  anglea,  mdo,  oda,  ade,  and  edg, 
which  subtract  firom  360°,  to  obtain  the  angle  ^t/r,  of  the  right- 
angled  triangle  grd;  hence  we  also  readily,  as  in  the  preceding 
triangles,  obtain  rg  ^  mt,  which  added  to  vu>,  gives  to  the 
distance  from  the  meridian.  Th^  we  obtain  rd,  from  which 
taking  dm,  we  obtidn  rm  =  gt,  the  distance  from  the  per- 
pendicular. 

For  the  point  e,  take  the  right  angle  rdf  from  the  two 
angles  rdg,  gde,  and  the  remainder  is  the  angle  ,/He  of  the 
right-angled  triangle  dfe;  hence  we  obtain/«/  and  df,  which 
added  to  db,  gives  bf  ^  are,  the  distance  from  the  meridian ; 
from  the  same  right-angled  triangle  we  obtain /e,  which  added 
%i)  fa  =~  dm,  gives  en,  the  distance  from  the  perpendicular. 

For  the  point  i,  add  together  the  angles  rgd,  dge,  egi,  and 
from  the  sam  subtract  the  right  angle  rgh,  and  we  obtain  the 
angle  ghi,  of  the  right-angled  triangle  hgi,  and  consequently 
the  angle  i ;  hence  also  we  get  hi  <=  tp,  which  added  to  to, 
gives  op,  distance  from  the  meridian,  and  gh,  from  which  snb- 
tracUng  gt,  we  obtain  tk  ^  pi,  distance  from  the  per- 
pendicular. 

For  the  point  I,  fhe  angle  ghi,  added  to  the  angle  igi,  gives 
the  angle  Igk  of  the  right-angled  triangle  gkl,  and  of  course  the 
angle  glk,  whence  we  obtain  hi,  or  Ig,  which  added  to  to, 
gives  oy,  distance  from  the  meridian ;  hence  we  also  obtain  gk, 
which  taken  from  gt,  gives  hi  =  Ig,  distance  from  the 
perpendicular. 

If,  before  the  operation,  no  fixed  meridian  was  given,  one 
may  be  assumed  as  near  as  pos»bIe  to  the  point  o;,for  the 
error  in  Its  position  will  not  at  all  influence  the  respective 
positioa  of  the  triangles. 
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Pbob.  XXXI. 

A  Map  with  its  Area  being  given,  and  its  Scale  omitUd  to  be 

either  drawn  or  mentioned;  tojind  the  Scale. 

Cast  np  the  map  by  any  scale  whatsoever,  and  it  will  be, 
As  the  Area  given. 
The  Square  of  the  scale  by  which  cast  vp 
:   The  given  Area  of  the  Map 
The  Square  of  the  scale  by  which  it  teas  laid  doion. 
The  Sqaare  root  of  which  will  give  tfaeScale. 

Example. 
A  map  whose  area  is  126  Ac  3  Rds.  16  Per.  being  given 
and  its  scale  omitted  to  be  either  drawn  or  mentioned;  to  find 
the  scale. 

Suppose  the  map  was  cast  up  by  a  scale  of  20  Perches  to 
an  inch,  and  the  content  thereby  produced  be  31  Ac.  2   Rds. 
34  Per. 
Then, 

Js  the  Area  given  or  81  Ac.  2  Rds.  34  Per.  =  5074  Per. 
:   The  Square  of  the  scale  by  which  it  was  ~i 
cast  up,  that  is  to  20  X  20  ■=>  > 

: :  The  given  Area  of  the  map  126  Ac  3  Rds.  16  Per.  = 
20296  Per. 

:   The  Square  of  the  scale  by  which  it  was  laid  down. 
Or,  as  5074  :  400  : :  20296  :  1600  the  Square  of  the  re- 
quired scale,  the  Square  root  of  which  =  40. 

The  map  was  therefore  laid  down  by  a  scale  of  40  Perches 
to  an  inch. 

Prob.  XXXII. 

To  find  the  true  Area  of  a  Survey,  though  it  be  taken  by  a 
Chain  that  is  too  long  or  too  short. 

Let  the  map  be  constructed,  and  its  area  found  as  if  the 
chain  was  of  a  true  length,  and  it  will  be 

As  the  Square  of  the  true  chain, 

;     The  area  of  ike  map 
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!  .'     The  Square  of  the  chain  surveyed  by 
:     The  true  Area  of  the  map. 

Example. 

If  a  Survey  be  taken  with  a  chain  which  ia  3  inches  too 
long;  or  with  one  whose  length  is  42  Feet  3  Inches,  and  the 
map  ,  thereof    be   foand  to  contain  920  Ac.  2  Rda.  20  Per. 
Required  the  true  area. 
At  the   Square  of  42  Ft  0  In.  =  the  Square  of  504  ituhes 

=  254016 

:     The  area   of  the  map   920   Ac.    1    Rd.    20    Per.  =» 
147260  Per. 

:  :     The   Square  of  42  Ft  3  In.  =  the  Square  of  507 
inches  =  257049 

:     The  true  area. 

AcRd.Per. 
or,  254016:  147260  ::  257049:  149019  =  931  „  1  „  19 


pkob.  xxxm. 

/?«c  to  divide  land,  or  to  take  off  any  given  part  from  a  Map, 
Let  ABCDj  &c.  be  a  map  of  ground,  containing  11  Acres, 
it  is  required  to  cut  off  a  piece  as  DEFGID,  that  shall  con- 
tain 5  Acres.  " 


Join  any  two  opposite  stations  as  D  and  G,  with  the  line 
DG,  (which  we  may  nearly  judge  to  be  the  partition  line) 
and  find  the  Area  of  the  part  DEFG,  which  suppose  may 
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want  3  Rds.  20  Per.  of  the  qaantity  we  would  cut  off:  Mea- 
sure the  line  DG-,  which  suppose  to  be  70  Perches.  Divide 
3  Rds.  20  Per.  or  140  Per.  by  35,  the  half  of  DG,  and  the  quo- 
tient 4  will  be  a  perpendicular  for  a  triangle  whose  base  is  70, 
and  the  Area  140  Per^  Let  HI  be  drawn  parallel  to  DQ, 
at  the  distance  of  the  perpendicular  4,  and  from  3  where  it 
cuts  the  bonndaij,  draw  a  line  to  D,  and  that  line  DI  will 
be  the  division  line. 

Peob.  XXXIV. 

To  determine  the  Area  i^f  a  piece  of  grouttd,  having  the  map 
.   given,  by  reducing  U  to  one  triangle  equal  thereto,  and  thence 
Jinding  its  Area. 

Let  ABCDEFGHA  be  a  map  which  we  would  reduce  to 
one  triangle  eqnal  thereto. 


Produce  any  line  of  the  map,  as  AH,  both  ways :  lay  the 
edge  of  a  parallel  ruler  from  A  to  0,  having  B  above  it :  hold 
the  other  side  of  the  iu\sc  last;  open  until  the  same  edge 
touches  B,  and  with  a  protracting  pin,  mark  the  point  b  on 
the  produced  line :  lay  the  edge  of  the  mlet  irom  i  to  D> 
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having  C  above  it:  hold  the  other  side  fast,  open  until  the 
same  edge  toaches  C,  and  mark  the  point  c,  on  the  produced 
line.  A  line  drawn  front  c  to  D  will  take  in  as  mnch  as  it 
leaves  out  of  the  map. 

Again,  lay  the  edge  of  the  ruler  from  H  to  F,  having 
G  above  it,  keep  the  other  side  fast,  open  nntit  the  same  edge 
touches  G,  and  mark  the  point  ^,  on  the  produced  line: 
lay  the  edge  of  the  rnler  from  ^  to  E,  having  F  above  it,  keep 
the  other  side  fast,  open  until  the  same  edge  touches  F,  and 
mark  the  point  f,  on  the  produced  line.  Lay  the  edge  of  the 
ruler  from/to  D,  having  E  above  it,  keep  the  other  side  fast, 
open  until  the  same  edge  tenches  E,  and  mark  the  point 
e,  on  the  produced  line.  A  line  drawn  from  D  to  e,  will  take 
in  as  mnch  as  it  leaves  out  Thus  we  have  the  triangle  cDe, 
eqnal  to  the  irregular  polygon  ABCDEFGHA. 

If  when  the  ruler's  edge  be  applied  to  the  points  A  and  C, 
~  the  point  B  falls  under  the  ruler,  hold  that  side  next  the  s^d 
points  fast,  and  draw  back  the  other  to  any  convenient  distance ; 
then  hold  this  last  side  fast,  and  draw  back  the  former  edge  to 
B,  and  mark  h,  on  the  produced  line ;  and  thus  a  parallel 
may  be  drawn  to  any  point  under  the  ruler,  as  well  as  if  it 
were  above  it.  It  is  best  to  keep  the  point  of  the  protract- 
ing pin  in  the  last  point  in  the  extended  line,  until  the 
edge  of  the  ruler  is  laid  to  the  ne^ct  station,  or  one  point 
may  be  mistaken  for  another. 

This  may  also  be  performed  with  a  scale,  or  ruler,  which 
has  athin  sloped  edge,  called  a  fiducial  edge  and  a  fine  pointed 
pair  of  compasses.     Thus,  , 

Lay  that  edge  on  the  points  A  and  0,  take  the  distance  from 
the  point  B  to  the  edge  of  the  scale,  so  as  it  may  only  touch  it, 
in  the  same  manner  as  you  take  the  perpendicular  of  a  triangle ; 
carry  that  distance  down  by  the  edge  of  the  scale  parallel  to  it, 
to  h,  and  there  describe  an  arc  on  the  point  *,  and  if  it  just 
touches  the  ruler's  edge,  the  point  6  is  m  the  true  place  of  the 
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extended  line.  Then  lay  the  fiducial  edge  of  the  scale  fi-om 
btoD,  and  take  a  distance  from  G,  that  will  just  teach  the 
edge  of  the  scale ;  carry  that  distance  along  the  edge,  until  the 
point  which  was  in  C,  cats  the  produced  line  in  c;  keep  that 
point  in  c,  and  describe  an  arc,  and  if  it  just  touches  the  ruler's 
edge,  the  point  c  is  in  the  true  place  of  the  extended  line. 
Draw  a  line  from  c  to  D,  and  it  will  take  in  and  leave  out 
equally.  In  like  manner  the  other  side  of  the  figure  may  be 
balanced  by  the  line  eD. 

Let  the  point  of  the  compasses  be  kept  to  the  last  point  of 
the  extended  line,  until  the  scale  is  laid  from  it  to  the  next 
station,  to  prevent  mistakes  from  the  number  of  points. 

That  the  triangle  cT)e,  is  equal  to  the  right-Uued  figure 
ABCDEFGHA,  wilt  be  evident  from  Problems  13,  14. 
Chap.  3.  For  if  a  line  were  drawn  from  b  to  0,  it  will  give 
and  take  equally,  and  then  the  figure  6CDEFGH,  will  be  equal 
to  the  map.  Thus  the  figure  is  lessened  by  one  side,  and  the 
next  balance  line  will  lessen  it  by  two,  and  so  on,  and  will 
^ve  and  take  equally.  In  the  same  manner  an  equality  will 
arise  on  the  other  side. 

The  area  of  the  triangle  is  easily  obtained  and  thus  we 
have  the  area  of  the  map. 

It  ia  best  to  extend  one  of  the  shortest  lines  of  the  polygon, 
because  if  a  very  long  line  be  produced,  the  triangle  will  have 
one  angle  very  obtuse,  and  consequently  the  other  two  very 
acute ;  in  which  case  it  will  not  be  easy  to  determine  exactly 
the  length  of  the  longest  side,  or  the  points  where  the  balan- 
cing lines  cut  the  exton<Jed  one. 

This  method  will  be  found  very  uaeial  and  ready  in  small 
enclosures,  as  well  as  very  exact;  it  may  be  also  used  in  large 
ones,  but  greatercaremust  betaken  ofthe  points  on  the  extend- 
ed line,  which  will  be  crowded,  as  well  as  of  not  missing  a 
statioQ. 
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Peob.  XXXV. 

.  To  determine  the  Area  of  a  piece  of  ground,  having  the  Map 
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Let  parallels  be  drawn  at  half  an  inch  asunder,  and  others 
at  right  angl^  to  them  at  a  like  distance ;  each  square  wHl 
then  be  a  quarter  of  a  square  inch  in  area. 

With  a  penknife,  cut  away  all  the  squares  marked  a,  which 
the  boundary  of  the  map  does  not  reach,  then  all  the  whole 
squares  contained  within  the  body  of  the  map,  and  the 
squares  which  the  boundary  pass^  through  and  which  are 
marked  z,  z,  z,  S^c,  will  remain. 

Add  the  ntunber  of  whole  squares  in  the  body  of  the  map, 
and  those  marked  z,  together,  which  number  note  down ;  then 
find  with  grains  and  tenths  of  a  graio,  the  weight  of  the 
paper.  Call  the  number  of  squares,  first  area,  and  their 
weight  in  gnuna  and  parts,  their  first  weight 

Then  cut  the  map  close  by  the  boundary  and  weigh  it  in 
grains  and  decimals  of  a  grain,  as  before.  Then  say,  as  the 
first  weight,  is  to  the  first  area,  so  is  the  second  weight  to  the 
second  area,  which  ^ves  the  area  of  the  map  in  squares, 
and  decimals  of  a  square.  Then  by  knowing  by  what  scale 
it  was  liud  down,  the  area  of  each  square  is  known  and  con- 
sequently the  area  of  the  whole  map. 

The  state  of  the  Atmosphere  has  a  very  sensible  effect  on  this 
operation.  The  weighment  should  be  made  with  as  d^cate 
scales  as  possible,  and  the  mean  of  two,  or  more  triab  adopted. 

n,g,t,7l.dM,.COOglC 


ON  SURVEYING  INSTRUMENTS, 


CHAPTER  I. 


OF   THE  CHAIN. 


Gukteb's  Chfun  is  the  measure  adopted  in  the  lodiaa 
Revenue  Surroys,  but  a  description  of  it  having  been  given 
under  the  head  of  "  Areas,"  it  is  unnecessary  to  repeat  it  here. 

The  length  of  a  stnugbt  line  must  be  found  mechanically 
hy  the  Cluun,  and  it  is  the  most  difficult  operation  in  Survey- 
ing The  Snrveyin:  therefore  cannot  be  too  carefal  in  guard- 
ing against,  rectifying,  or  making  allowances  for  every  possible 
error,  for  on  the  exactness  of  this  m^isuration,  the  correctness 
of  his  operations  depend. 

The  Chain,  however  useful  and  necessary,  is  liahle  to  many 
errors — 1st,  in  itself, — 2ndly,  in  the  method  of  using  it, — and 
3rdly,  in  the  uncertainty  of  pitching  the  arrowSj  every  posfflble 
precaution  most  therefore  be  used. 

If  the  Chiun  be  stretched  too  tight,  the  rings  will  give,  the 
arrows  incline  and  the  measured  line  will  be  shorter  than  it 
really  is ;  on  the  other  hand,  if  it  be  not  drawn  sufficiently  tight, 
the  measure  obttuned  will  be  too  long. 

If  the  Chain  is  a  new  one,  it  should  invariably  he  measured 
Aafy  nntil  it  has  stretched  to  its  utmost,  if  an  old  one,  and  - 
which  a  Snrveyor  will  find  by  experience,  to  be  always  prefer- 
able, once  in  every  three  or  four  days  is  sufficient    A  careful 
and  correct  Surveyor,  will,  however  compare  it  daily. 
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Chains  have  been  known  to  stretch  as  mnch  as  3  inches  in  a 
da/a  work,  this  though  trifling  in  one  Ch^,  would  be  foimd  of 
material  consequence,  after  measuring  400  or  500  Chains  during 
the  day,  amounting  as  such  an  error  wouldj  to  nearly  one  Chain 
aad  a  half  in  the  whole  distance  measured.  The  rectifying  of 
such  errors  in  the  Chain  measurements  is  easily  done  by  a  calcu- 
lation firom  Table  A,  {vide  Appendix)  but  a  correct  Chain  saves 
much  trouble. 

In  the  event  of  a  Chain  having  lengthened,  the  correction, 
whatever  it  may  be,  to  the  Chain  lines,  must  be  made  by 
addition,  and  vice  versa,  if  the  Chain  is  short,  by  subtraction  of 
the  quantity  required  to  rectify  tie  error.     Thus, 

Supposing  a  Chain  to  have  stretched  1  inch,  a  correction  of 
one  link  additive  in  every  6  Chains  measured,  would  be 
necewary  to  pve  the  true  length  of  any  line  measured  with 
that  Ch^n.  Taking  the  measured  line  to  be  64  Ch^uns  the 
correct  laigtli  of  the  line  would  be  64  Chains  -f-  64  Inches  or 
64  Chains,  8  Links,  and  the  reverse  64  Chmns  —  64  Inches  or 
63  Chains,  92  Links,  should  the  Chain  be  I  Inch  loo  short ; 
such  a  correction  is  sufficient  for  all  practical  purposes. 

It  is  a  common  practice,  to  allow  Chainmen  too  much 
latitude  in  measuring  lines,  i.  e.,  the  Sorreyor  is  satisfied  to 
come  up  at  the  end  of  the  line  measured,  count  the  number  of 
links  up  to  the  station,  depending  entirely  on  the  rear  Chain- 
man,  for  a  correct  account  of  the  number  of  Chains  measured. 
This,  even  were  the  account  of  Cliains  correct,  (which  is  always 
doubtful)  can  never  be  a  satisfactorily  measured  line.  Unless 
the  Surveyor  follows  in  the  rear  of  his  Chainmen,  and  keeps 
a  continued  watch  on  them,  the  probabilities  are,  that  his  work 
will  have  to  be  measured  over  again. 

A  Surveyor  should  accustom  himself  to  follow  his  rear  Chain- 
man  and  satisfy  himself,  as  he  is  progres^dng,  that  he  is  mea- 
suring straight  To  ensure  the  Chainmen  proceeding  in  as 
straight  a  line  as  possible,  it  is  always  well,  for  the  Uading 
Chainman  to  check  the  direction  of  the  rear  Chwnman,  by  keep- 
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ing  the  latter,  and  the  back  station  (on  which  there  is  invari- 
ably a  flag)  in  a  straight  line  with  himself  The  rear  Chainman 
does  this,  as  he  directs  the  leading  one,  with  the  forward  station, 
and  thus  by  a  mutual  check,  great  accuracy  is  obtained. 

Eleven  arrows  should  be  used,  instead  of  t^i  as  is  generally 
the  custom,  for  in  the  latter  case,  when  the  Chain  arrives  at 
the  end  of  the  tenth  arrow,  thus  denoting  10  Chains  as  measnr- 
ed,  the  Chfun  is  stopped  and  liable  to  be  sbiAed ;  whereas  with 
eleven  arrows,  one  arrow  always  remains  a  fixture  in  the 
ground  and  is  never  brought  into  the  account,  thus  preventing 
the  possibility  of  the  Chain  being  shifted  whilst  the  other  ten 
arrows  are  being  taken  to  the  leading  Chainman. 

It  is  usual  to  have  steel  rods  of  6  or  11  feet,  to  test  the  Chains 
with,  the  former  are  the  most  portable,  and  the  Superintendent 
of  a  Survey  cannot  be  too  careful  in  ascert^ning  that  these 
rods  are  supplied  of  the  exact  lengths,  and  also,  in  insisting  on 
their  a!e. 

Two  rods  of  6  feet  each,  are  snfiicient  for  a  Survey  party, 
and  the  method  of  using  them  is,  to  stretch  the  Chain  pretty 
tight  on  a  level  piece  of  ground,  fixing  two  stout  pins  made  for 
the  purpose,  at  each  end  in  the  handles  of  the  Chain,  then,  by  lay- 
ing down  the  two  rods  from  one  end,  keeping  the  second  sta- 
tionary, and  taking  up  the  first,  and  placing  it  beyond  the  second, 
then  keeping  that  stationary  and  taking  up  the  second,  and 
placing  it  beyond  the  third  and  so  on,  until  arrived  at  the  end  of 
the  Chain,  when  eleven  rods  thus  measured  should  be  its  length. 
Experience,  however,  and  the  disagreeable  necessity  of  doing 
work  twice  over,  which  is  always  irksome,  can  ^one  teach  a 
Surveyor  the  oeces^ty  of  measuring  lines  correctly,  and  of 
keeping  a  constant  watchiulness  over  the  length  of  bis  Chain. 
Directiomfar  using  the  Chain.  Flags  are  first  to  be  set  up 
at  the  places  whose  distances  are  to  be  obtained ;  the  place 
where  the  measurement  k  commenced  may  be  called  tbe  Jirst 
station,  and  that  measured  to,  the  second  station.  Two  men 
hold  ^e  Chun,  one  at  each  end ;  the  foremost  or  leader  is 
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provided  with  eleven  arrawa,  and  a  small  hammer.  These 
arrows  are  made  of  iron  abont  one-third  of  an  inch  square 
pointed  at  cms  end,  with  a  loose  ring  on  the  Bead,  for  the  pur- 
pose of  hanging  in  a  hook  suspended  from  the  girdle  of  the 
ChainmtuL  On  the  Chain  being  stretched  in  the  direction  of 
the  second  station  the  leader  hammers  an  arrow  &111I7  into 
the  ground,  tiie  rear  Chainman  holding  the  other  end  at  the 
^r^  statical;  he  then  proceeds  on  in  tlie  direction  of  the  Aecoiu/ 
statiofi,  until  the  rear  Chunman  has  arrived  at  the  first  arrow, 
when  the  latter  directs  the  &rmer  in  a  line  with  the  Jtrst 
staticm,  and  a  second  arrow  is  firmly  driven  in;  the  rear 
Chainman  then  takes  up  the  first  atrow^  counts  one  Ciiain 
OS  measured,  and  proceeds  on  until  the  elevra  arrows  are 
expended,  one  of  which  remaining  in  the  ground,  the  other 
ten  are  aent  on  to  the  leading  Cbaimnan.  The  exchange  of 
the  arrows  is  always  notified  by  the  rear  Chainman  calling 
out  with  a  loud  voice,  so  many  Tens.  The  Snrvej^  here 
marks  in  his  Field  Book,  that  one  change  has  been  made, 
or  10  Chains  or  1000  Links  meaanred.  The  Chainmen  then 
proceed  onwards,  until  another  change  has  been  made,  and 
entered,  and  so  on,  marking  every  change  \mtil  the  second 
station  is  anrived  at,  when  the  number  of  arrows  in  the  baud 
of  the  rear  Chainman  will  denote  the  number  of  Chains, 
which,  together  with  the  odd  links  and  the  number  of  changes 
that  may  have  been  made  between  the  two  stations,  will  make 
up  the  entire  length  of  the  line. 

Op  the  "Cross  Staff"  asd  "  Offset  Rod." 
When  the  boundary  of  a  Survey  has  turns  and  bends  in 
it,  as  is  generally  the  case,  it  is  not  nec^sary  to  measure 
round  every  such  turn  and  bend.  The  best  and  most  usual 
way,  is  to  proceed  in  a  straight  line  from  one  principal 
comer  to  another,  and  when  opposite  to  any  bend  in  the 
boundary  to  measure  the  rectangular  distance,  termed  the 
Offset  from  the  chain  line   to  the  bend,  noting  the  same, 
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t'other  Trith  the  distance  on  the  Chain  line  from  whence  such 
Ofiset  was  made.  These  OSsets  are  generally  m'eaaored 
with  an  OSset  Staff  ot  Rod  of  ten  or  twenty  links  in  length, 
ten  or  fire  of  them  making  one  Chain,  and  as  they  are  all 
rectangnlar  with  the  Chain  line,  they  either  form  triangles  or 
trapezea,  of  which  the  distance  on  the  Chain  line  is  the  base 
and  the  Offset  the  perpendicolar,  to  be  calcnlated  by  the 
rules  giren  under  the  head  of  "Areas,"  and  added  or  deducted 
according  as  they  are  toothe  right  ta  left  o!  the  Chain  line. 
Great  care  is  required  on  the  part  of  the  Sorreyor  in  measnr'* 
ing  Ofl^ts,  for  unless  the  Offset  is  takea  at  right  an^es  with 
the  Chain  line,  the  perpendicular  measured  for  determining  its 
area  will  be  too  long,  and  a  correct  result  will  not  be  obtained. 

A  very  convenient  instrument  called  f 

the  "  Cross-Staff,"  and  which  can  be  ^TZa—^ 
made  up  by  any  Bazar  Carpenter,  is 
used  fop  the  purpose  of  taking  Off- 
sets. It  consists  of  a  piece  of  wood, 
about  6  inches  square  and  an  inch  and 
a  half  in  thickness,  fixed  on  the  end  of 
a  staff  about  5  feet  in  length,  with  an 
uron  spike  at  the  end,  for  the  conveni- 
ence of  planting  it  in  the  ground.  The 
square  piece  on  the  top  has  two  slits 
ab  and  cd  in  it,  about  half  an  inch 
deep,  at  right  angles  with  each  other, 
made  with  a  common  saw.  This  instrument  being  placed  any 
where  on  the  Chain  line,  if  one  slit  is  directed  to  the  forward  or 
back  station,  the  other  will  of  course  give  the  perpendicular  to 
the  Chain  line.  A  well  practised  Surveyor  can,  however, 
generally  tell  a  right  angle  for  an  Ofiset,  without  the  assist- 
ance of  this  instrument 

The  best  method  of  measuring  Offsets,  is,  for  the  Offset 

man  to  walk  along  the  boundary,  and  to  ^ve  a  signal  to 

the  Chain  party,  whenever  he  comes  to  a  bend  or  corner,  the 

Surveyor  then  places  hunself  on  the  Chain  line  in  a  rectangular 

p 
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position  with  the  Offset  man,  when  the  latter,  measuring  dowii 
towards  him,  gives  in  the  length  of  the  OSset  in  rods,  and 
returns  immediately  to  the  boundary  to  take  up  the  next  bend. 
A  good  Offset  man  should  never  be  taken  off  his  work,  for  by 
constant  practice  he  knows  exactly  when  and  where  an  Offset 
is  required. 

On  the  Pebambulatob. 

This  instmment  is  very  useful  for  measuring  roads,  level 
pituns,  and  every  thing  where  expedition  is  required.  It  gives 
however  a  measure  somewhat  too  long  in  going  over  uneven 
surfaces,  wliich  is  one  of  its  principal  objections,  and  is  there- 
fore only  applicable  to  road  and  route  Surveys,  where  great 
accuracy  is  not  essential. 

The  following  figure  represents  the  Perambulator,  which 
consists  of  a  wheel  of  wood  A,  shod  or  lined  with  iron  to  pre- 
vent the  wear ;  a  short  axis  is  fixed  to  this  w^eel,  which  com- 
municates motion  by  a  long  pinion  fixed  in  one  of  the  sides  of 
the  carriage  B,  to  the  wheel-work  C,  included  in  the  box-part 
of  the  instrument.     For  portability  the  wheel  A  is  separable^ 
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In  this  instrument,  the  circumference  of  the  wheel  A,  is 
8  feet  3  inches,  or  half  a  pole ;  one  revolution  of  this  wheel 
turns  a  singl&-threaded  worm  once  round ;  the  worm  takes 
into  a  wheel  of  80  teeth,  and  turns  it  once  round  in  80  revo- 
lutions ;  on  the  socket  of  this  wheel  is  fixed  an  index,  which 
makes  one  revolution  in  40  poles,  or  one  furlong ;  on  the  axis 
ot  this  worm  is  fixed  another  worm  with  a  single  thread,  that 
takes  into  a  wheel  of  40  t«eth ;  on  the  axis  of  this  wheel  is 
another  worm  with  a  single  thread,  turning  about  a  wheel  of 
160  teeth,  whose  socket  carries  an  index  that  makes  one  revo- 
lution   in   80    furlongs,    or    10 
miles.     On  the  dial  plate,  there 
are  three  graduated  circles,  the 
outermost    is    divided   into  220 
parts,  or  the  yards  in  a  furlong : 
the    next    into    40    parts,    the 
number  of  poles   in  a  furlong; 
the    third    into    80    parts,    the 

number  of  furlongs  in  10  miles,  every  mile  being  distinguished 
by  its  proper  Roman  figure. 

The  instruments  generally  made  in  England  have  been 
found  unsuited  to  the  w^ants  of  Indian  service :  tlie  following 
describe  those  in  general  use  in  India. 

The  Madras  Pattern  8-Mile  Perambulator. — The  8-mile 
Madras  Pattern  Perambulator,  on  the  adjoining  pBge,  con- 
sists of  a  wheel  20  feet  in  circumference,  having  a  brass 
plate  Y  inches  in  diameter  on  each  side  of  its  centre  for 
connecting  the  spokes.  On  one  side,  the  plate  A  is  graduated, 
in  feet  and  inches  from  I  to  20  feet,  in  three  circles,  one 
within  the  other,  each  circle  containing  6f  feet.  -  An  axle  B, 
passes  through  the  centre  of  these  plates  to  which  is  attached 
an  endless  screw  D,  playing  in  the  teeth  of  two  circular  brass 
plates  8^  inches  in  diameter  suspended  from  the  axle,  one  plate 
having  6fl,  and  the  other  64  teeth.  The  front  plate  is  gra- 
duated to  220  yards,  and  the  back  plate  to  furlongs  and  miles. 
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which  are  read  off  tbrongli  the  openings  G,  G,  in  the  front 
plate,  the  index  £  being  tamed  down  on  the  plate  to  denote 
the  yards,  and  the  index  H,  with  adjusting  weight  W,  denot- 
ing the  feet  and  inches  on  the  plate  A,  attached  to  the  wheeL 
The  axle  B  is  furnished  at  both  ends  with  a  revolving  wooden 
handle  C,  C. 

This  instrument  is  best  adapted  for  road  work :  to  a  Sur- 
veyor, it  is  of  little  use,  its  great  height  rendering  it  difficult 
to  manage  in  a  high  wind,  and  requiring  two  men  to  work  it. 
The  only  advantage  it  has  over  other  instruments  of  the  kind 
18,  that  it  bears  its  own  weight,  and  the  handles  being  about 
the  height  of  a  man's  chest,  it  is  only  necessary  to  keep  the 
wheel  steady,  when  the  least  pressure  sets  it  in  motion. 

Lieutenant  Colonel  Everesfs  Pattern  6-Mile  Perambulator.^ 
This  instrument  consists  of  a  wheel,  the  circumference  of 
which  is  107.39  inches.  The  spokes  are  connected  by  two 
strong  brass  plates  secured  with  bolts,  the   centre  of  these 
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plates  having  a  square  hole,  through  which  the  axle  passes. 
It  has  shafts  and  handles  similar  to  the  one  descrihed  at  page  106, 
but  somewhat  different  in  construction,  the  shafts  being  made 
of  well-seaaoned  wood,  and  the  handles  like  those  of  a  wheel- 
barrow. The  machinery  is  extremely  simple,  consisting  only 
of  an  endless  screw,  with  two  brass  plates  attached,  the  dia- 
meters of  which  are  3^*q  inches,  the  upper  one  containing  59, 
and  the  lower  60  skew-bevelled  teeth;  the  upper  plate  is 
divided  into  100  parts,  the  wheel  being  bevelled  inside  to 
admit  of  every  10th  part  bisecting  the  surface  of  the  lower 
wheel  graduatioiiB ;  the  lower  plate  being  graduated  to  60 
parts  or  10  divisions  to  a  mile. 

The  axle  of  the  wheel  runs  in  two  hinges  secured  to  the 
shails;  and  so  constmcted  that  the  wheel  is  easily  detached 
from  the  body  of  the  instrument. 

Lieut-Cohnel  ^fVauglCs  Pattern  10-Mile  Perawbulator. — 
This  instrument  is  somewhat  similar  in  construction  to  Lt-Col. 
Everest's,  but  the  shafU  are  longer  and  the  wheel  of  greater 
circumference,  being  150^  inches.  The  diameter  of  the  dial 
pktes,  is  Sy*^  inches;  the  upper  one  containing  42  teeth,  the 
lower  one  40.  The  upper  dial  is  divided  into  100  parts,  the 
lower  one  into  20,  the  former  being  perforated  to  admit  of  the 
divisions  on  the  lower  plate  being  distinctly  read. 

The  upper  plate  has  a  small  wheel  sunk  into  it,  which  is 
graduated  to  10  divisions  or  miles,  and  propelled  by  a  pinion 
wheel  of  10  teeth  secured  in  the  centre  of  the  lower  plate,  the 
upper  part  of  this  pinion  wheel  serving  to  secure  the  two 
plates  together. 

A  very  great  improvement  is  made  in  the  method  of  attach- 
ing the  wheel  and  axle  to  the  shafts ;  there  are  no  lunges,  the 
wheel  and  axle  being  secured  by  two  screw  bolts  on  each  side, 
enabling  the  boxes  of  the  axle  to  be  clamped  closer  together, 
in  the  event  of  friction  having  worn  them. 

This  instrument  is  better  calculated  for  general  work  than 
any  yet  constructed,  being  very  strong  and  at  the  same  time 
conveniently  portable. 
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CHAPTER  II. 


On  the  Prismatic  Compass. 

The  use  of  this  little  instrument  is  to  measure  horizontal 
angles  only,  or  rather  to  take  the  Bearings  of  objecta,  when 
the  angle  can  be  deduced  from  the  two  Bearings,  and  from  its 
portability  is  particulary  adapted  for  filling  in  the  detail  of  a 
map,  where  all  the  principal  points  have  been  correctly  fixed 
by  means  of  the  Theodolite.     In  the  figure,  A  represents    the 


compsss-bos,  and  B  the  card,  which  being  attached  to  the 
magnetic  needle,  moves  as  it  moves,  round  the  agate  centre,  a, 
on  which  it  is  suspended.  The  circumference  of  the  card  is 
usually  divided  to  15'  of  a  degree,  but  it  is  doubtful  whether 
an  angle  can  be  measured  by  it  even  to  tliat  degree  of  accuracy: 
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c  is  a  prism,  which  the  observer  looks  through  in  observing 
with  the  instrument.  The  perpendicular  thread  of  the  Bight- 
vane,  E,  and  the  divisions  on  the  card  appear  together  on  look- 
ing through  the  prism,  and  the  division  with,  which  the  thread 
coincides,  when  the  needle  is  at  rest,  is  the  magnetic  azimuUi 
of  whatever  object  the  thread  may  bisect.  The  prism  is 
mounted  with  a  hinge-joint,  D,  by  which  it  can  be  turned 
over  to  the  side  of  the  compass-box,  that  being  its  podtioa 
when  put  into  the  case.  The  sight-vane  has  a  fine  thread 
or  horseh^r  stretched  along  its  opening,  in  the  direction  of 
its  length,  which  is  brought  to  bisect  any  object,  by  turning 
the  box  round  horizontally ;  the  vane  also  turns  upon  a  hinge- 
joint,  and  can  be  Ijud  fiat  upon  the  box,  for  the  convenience 
of  carriage.  F  is  a  mirror,  made  to  slide  on  or  off  the  si^t- 
vane,  E ;  and  it  may  be  reversed  at  pleasure,  that  is,  turned 
fece  downwards  ;  it  can  also  be  inclined  at  any  angle,  by 
means  of  its  joint,  d;  and  it  will  remain  stationary  on  any 
part  of  the  vane,  by  the  friction  of  its  slides.  Its  use  is  ta 
refiect  the  image  of  an  object  to  the  eye  of  the  observer  when 
the  object  is  much  above  or  below  the  horizontal  plana 
When  the  instrument  is  employed  in  observing  the  azimuth 
of  the  sun,  a  dark  glass  must  be  interposed ;  and  the  coloured 
glasses  repr^ented  at  G-,  are  intended  for  that  purpose;  the 
joint  upon  which  they  act,  allowing  them  to  be  turned  down 
over  the  sloping  side  of  the  prism-box. 

At  e,  is  shown  a  spring,  which  being  pressed  by  the  finger 
at  the  time  of  observation,  and  then  released,  checks  the 
vibrations  of  the  card,  and  brings  it  more  speedily  to  rest  A 
stop  is  likewise  fixed  at  the  other  side  of  the  box,  t)y  which 
the  needle  may  be  tlirown  off  its  centre ;  which  should  always 
be  done  when  the  instrument  is  not  in  use,  as  the  constant 
playing  of  the  needle  would  wear  the  point  upon  which  it  is 
balanced,  and  upon  the  fineness  of  the  point,  much  of  the 
accuracy  of  the  instrument  depends.  A  cover  is  adapted  to 
the  box,  and  the  whole  b  packed  in  a  leather  case,  which  may 
be  carried  in  the  pocket  without  inconvenience. 
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The  method  of  using  the  instrument  is  very  simple.  First 
raise  the  prism  in  its  socket  b,  mitil  yon  obtaia  diatjnct  visioii 
of  the  divisions  on  the  card,  and  standing  at  the  place  where 
the  angles  are  to  be  taken,  hold  the  instroment  to  the  eye,  and 
looking  through  the  slit,  c,  torn  roond  till  the  thread  in  the 
■ight-vane  bisects  one  of  the  objects  whose  azimuth,  or  angu- 
lar distance  from  any  other  object  is  required;  then,  by 
touching  the  spring,  e,  bring  Uie  needle  to  rest,  and  the  divi- 
sion on  the  card  which  coincides  with  the  thread  on  the  vane, 
will  be  the  azimuth  or-Bearing  of  the  object  from  the  Korth  or 
South  points  of  the  magnetic  meridian.  Then  turn  to  any 
other  object  and  repeat  the  operation ;  the  difference  between 
the  Bearing  of  this  object  and  that  of  the  former,  will  be  the 
angular  distance  of  the  objects  in  question.  Suppose  the 
former  Bearing  to  be  40=  SC  and  the  latter  10°  15,'  both  East 
or  both  West,  from  the  Korth  or  South,  the  angle  will  be  30°  15*. 

The  divisions  in  some  are  numbered  from  0  to  180°  South 
counting  Eastward,  and  thence  to  180"  North  counting  West- 
ward, others  are  numbered  5°,  10°,  15°,  &c,  round  the  circle 
to  360°,  90°  representing  East,  180°  South,  270°  West,  and 
360°  North. 

In  nsing  this  instrument  the  Variation  of  the  needle  must 
always  be  attended  to,  for  if  the  fixed  points  above  alluded  to 
have  been  surveyed  on  the  true  meridian  of  the  earth,  the 
Variation  of  the  needle  (which  will  be  treated  of  hereafter) 
must  be  added  or  deducted  to  the  observed  Bearing  to  obtain 
the  true  meridional  Bearing  of  the  line. 

Of  the  Sdeveting  Ck)MPAS8. 
The  Surveying  Compass  consists  of  a  compass-box,  magne- 
tic needle  and  two  plain  sights,  perpendicular  to  the  meridian 
line  in  the  box,  by  which  tlie  Bearings  of  objects  are  taken 
from  one  station  to  another ;  it  is  used  for  the  same  purpose  as 
the  Prismatic  Compass,  for  filling  in  the  interior  detail  of  a 
Survey  by  means  of  Bearings. 
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The  sights  are  attached  in  various  ways  for  portability,  but 
are  now  generally  made  to  turn  down  on  a  hinge,  in  order 
to  lessen  the  bulk  of  the  instrument  and  render  it  more  con- 
venient for  carriage,  the  diameter  of  the  box  varies  from  3^ 
to  4  and  5  inches.  Within  the  box  is  a  graduated  circle,  the 
upper  surface  of  which  is  divided  into  degrees  only,  and  num- 
bered 10°,  20%  30*,  &C.,  up  to  360°.  The  bottom  of  the  box  is 
divided  into  four  parts  or  Quadrants,  each  subdivided  into  90° 
numbered  from  the  Korth  and  South  points  each  way,  to 
the  East  and  West  points.  The  observer,  therefore,  has 
nothing  to  do,  but  to  read  off  the  actual  number  of  degrees 
pointed  out  by  the  needle.  This  instrument  is  well  adapted 
for  first  instruction  to  a  Native. 


Op  the  Circumterentob. 

This  instrument  is  constructed  on  the  same  principle  as  the 

Surveying  Compass,  as  to  its  needle  and  divided  circle,  but 

it  possesses  the  advantages  of  a  graduated  limb  and  vernier 
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scale,  whereby  the  unsteadiness  of  the  needle  and  the  difficnlty 
of  ascertaimng  with  exactness  the  point  at  which  it  settles  is 
obviated.  /^ 


By  the  help  of  this  index,  .Ajigles  or  Bearings  may  be 
taken  with  much  greater  accoracy  than  hj  the  needle  alone ; 
and,  as  an  angle  may  be  ascertained  by  the  index  with 
or  without  the  needle,  it  of  course  removes  the  difficulties, 
which  would  otherwise  arise  if  the  needle  should  at  any  time 
happen  to  be  acted  upon  or  drawn  out  of  its  ordinary  position 
by  estraneouB  matter ;  there  is  a  clamping  screw  beneath, 
not  visible  in  the  figure,  whereby  the  index  may  be  fastened 
to  the  bottom  of  the  box,  and  a  screw,  to  fix  the  whole  to  the 
{on  of  the  ball  and  socket,  so  that  the  body  of  the  instrument 
and  the  index  may  be  either  turned  round  together,  or  the  one 
tamed  round,  and  the  other  fixed,  as  occa^on  may  require. 

This  instrument  is  &ec[uently  made  with  two  extra  s%hts 
on  the  graduated  circle,  at  the  pouits  360°  and  1S0°,  when  it 
possesses  the  same  properties  as  the  common  Theodolite  and 
according  as  it  is  graduated,  reads  from  I  to  3  and  5  minutes. 
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On  the  Flan£  Table. 

The  tabular  part  of  this  inatrumciit  is  nsnally  made  of  two 
well-seasoned  boards,  fonning  a  paraUelogram  of  about  15 
inches  long,  and  12  inches  broad;  the  size  is  occasionally 
varied  to  suit  tbe  intentioiis  of  the  operator. 

The  aforesud  parallelogram  is  framed  with  a  ledge  on  each  * 
side  to  support  a  box  &ame,  which  frame  confines  the  paper 
on  the  table,  and  keeps  it  close  thereto ;  the  &ame  is  therefore 
BO  contriTed,  that  it  may  be  taken  off  and  pat  on  at  pleasure, 
either  side  npwards.  Each  side  of  the  frame  is  graduated ; 
one  side  is  osually  divided  into  scales  of  equal  parts,  for 
drawing  lines  parallel  or  perpendicular  to  the  edges  of  the 
table,  and  also  for  more  conveniently  shifting  the  paper ;  tlie 
other  face,  or  side  of  the  frame,  is  divided  into  360°,  from 
a  brass  centre  in  the  middle  of  the  table,  in  order  that  angles 
may  be  measured  as  with  a  Theodolite ;  on  the  same  face  of 
the  frame,  and  on  two  of  the  edges,  are  graduated  180°  -,  the 
centre  of  these  degrees  is  exactly  in  the  middle  between  the 
two  ends,  and  about  ^th  part  of  the  breadth  from  one  of 
the  sides, 

A  magnetic  needle  and  compass  box,  covered  with  a  glass, 
slides  in  a  dovettul  on  the  imder  side  of  the  table,  and  is  fixed 
there  by  a  finger  screw ;  it  serves  to  point  out  the  directitHi, 
and  be  a  check  upon  the  sights. 

There  is  also  a  brass  index  smnewhat  longer  than  the 
diagonal  of  the  table,  at  each  end  of  which  a  sight  is 
fixed;  the  vertical  hair,  and  tiie  middle  of  the  edge  of  the 
index,  are  in  the  same  plain;  this  edge  is  chamfered,  and 
is  usually  called  the  fidnual  edge  of  the  index.  Scales  of 
different  parts  in  an  inch  are  usually  lud  doira  on  one  side 
of  the  index. 

Under  the  table  is  a  spnng  to  fit  on  the  pin  of  the 
ball  and  socket,  by  which  it  la  placed  upon  a  three-legged 
stand.     ' 
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To  place  tke  paper  on  the  taUe,  Take  a  sUeet  of  paper  that 
-will  cover  it,  and  wet  it  to  make  it  expand,  then  spread  it  flat 
upon  the  table,  pressing  down  the  &ame  upon  the  edges  to 
stretch  it  and  keep  it  in  a  fixed  sitoation ;  when  the  paper  is 
dry  it  will,  \>j  contracting,  become  smooth  and  flat. 

To  shift  the  paper  on  the  table.  When  the  paper  on  the 
table  is  fiill,  and  there  is  occasion  for  more,  draw  a  line  in 
any  manner  throogh  the  farthest  point  of  the  last  station  line, 
to  which  the  work  can  be  conveniently  laid  down ;  then  take 
aS  the  sheet  of  paper,  and  fix  another  on  the  table ;  draw  a 
line  npoa  it  in  a  part  most  convenient  for  the  rest  of  the  work ; 
then  fold,  or  cut  the  old  sheet  of  paper  by  the  line  drawn  on 
it ;  apply  the  edge  to  the  line  on  the  new  sheet,  and,  as  they 
tie  in  that  position,  continue  the  last  station  line  upon  the  new 
paper,  placing  npon  it  the  rest  of  the  measures,  beginning 
where  the  old  sheet  left  off,  and  so  on  from  sheet  to  sheet. 
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To  fasten  all  the  sheets  of  paper  together,  and  thus  form 
one  rongh  plan,  join  the  aforesaid  lines  accurately  together,  in 
the  same  manner  as  when  the  lines  where  transferred  &om  the 
old  sheets  to  the  new  one.  Bnt  if  the  joining  lines  upon  the 
old  and  new  sheets  have  not  the  same  inclination  to  the  side 
of  the  table,  the  needle  will  not  point  to  the  original  degree 
when  the  table  is  rectified.  If  the  needle  therefore  should 
respect  the  same  degree  of  the  compass,  the  easiest  way  of 
drawing  the  line  in  the  same  position  ia  ta  draw  them  both 
parallel  to  the  same  sides  of  the  table,  by  means  of  the  scales 
of  equal  parts  on  the  two  sides. 

To  toe  the  table.  Fix  it  at  a  convenient  part  of  the  ground,  and 
make  a  point  on  the  paper  to  represent  that  part  of  the  ground. 

Ron  a  .fine  steel  pin  or  needle  through  this  point  into  die 
table,  against  which  you  must  apply  the  fiducial  edge  of  the 
index,  moving  it  round  till  yon  perceive  some  remarkable 
object,  or  mark  set  np  for  that  purpose.  Then  draw  a  Ime 
from  the  station  pointy  along  the  fiducial  edge  of  the  index. 

Now  set  the  sights  to  another  mark,  or  object,  and  draw 
that  station  line,  and  so  proceed  till  yon  have  obtained  as 
many  angular  lines  as  are  necessary  fixim  this  station. 

The  next  requisite,  is  the  measure  or  distance  from  the 
station  to  as  many  objects  as  may  be  necessary  by  the  chain, 
taking  at  the  same  time  the  offsets  to  the  required  comers  or 
crooked  parts  of  the  hedges,  setting  off  all  the  measures  upon 
their  respective  lines  upon  the  table. 

Now  remove  the  table  to  some  other  station,  whose  distance 
from  the  foregoing  was  previously  measured ;  then  lay.  down 
the  objects  which  appear  from  thence,  and  continue  these 
operations  till  your  work  is  finished,  measuring  such  lines  as 
are  necessary,  and  determining  as  many  as  you  can  by  inter- 
secting  lines  of  direction,  drawn  firom  different  stations. 
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CHAPTER  III. 


Op  the  Vessieh. 

The  Vernier  scale  which  is  applied  to  instruments,  both  for 
measuring  angles  and  distances  when  great  accuracy  is  re- 
quired, will  now  be  noticed. 

We  will  suppose  that  the  horizontal  circle  of  a  Theodolite 
is  divided  into  360  d^rees,  and  that  each  division  or  de- 
gree is  subdivided  into  half  degrees,  or  30  minutes :  withoat 
8nch  a  contrivance  as  the  Vernier,  we  can  only  guess  at 
the  number  of  minutes,  when  the  index  does  not  exactly 
agree  with  one  of  the  subdivisions;  but  by  means  of  a 
Vernier,  we  are  enabled  to  read  off  an  angle  on  the  drcle  of 
an  ordinary  Theodolite  to  a  single  minute ;  and  may,  if  the 
horizontal  circle  be  very  large,  read  off  to  a  few  seconds  with 
tlie  greatest  certainty. 


it 
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11}  dtgrea,  or  29  half-iegrtet. 
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The  construction  of  this  ingenioOs  contrivance  ia  simple. 
Suppose  we  want  to  read  otf  to  one  minute — ^Take  the  length 
of  29  half-d^rees  on  the  horizontal  circle,  and  divide  that 
distance  into  30  equal  parts;  this  forms  the  Vemierj  which  is 
marked  for  convenience,  5, 10,  15,  20,  25,  30,  A»)m  one  end, 
or  the  zero.  Set  the  Vernier,  which  is  so  constructed  as  to 
slide  evenly  along  the  graduated  limb  of  the  instrument,  to 
the  horizontal  circle,  so  that  zero  of  the  former  may  be  in  con- 
tact with  zero  of  the  circle ;  then  the  last  division,  marked  30, 
of  the  Vernier  will,  of  course,  agree  with  Hi",  or  29  half-de- 
grees of  the  circle,  and  the  proportioii  of  each  division  of  the 
Vernier,  will  be  to  a  division  of  the  circle,  as  2^  to  30.  If 
the  zero  of  the  Vernier  be  moved  &om  the  zero  of  the  circle, 
then  the  first  coincidence  that  takes  place  between  a  division 
of  the  Vernier  with  one  on  the  circle,  indicates  the  num- 
ber of  minutes  passed  over.  To  read  off  an  angle  on 
the  horizontal  circle,  use  a  magnifying  glass,  and  notice  how 
many  degree^  have  been  passed  over  by  the  zero  of  the 
Vernier :  For  example :  het  us  suppose  that  the  arrow  at  zero 
of  the  Vernier  has  passed  the  2lEt  d^ree  of  the  circle: 
then,  for  the  number  of  mlnntes  in  addition,  look  along 
the  Vernier,  until  one  of  its  divisions  is  found  to  agree  exactly ' 
with  a  division  on  the  circle  below  it:  we  will  suppose, 
that  the  14tb  division  of  the  Vernier  does  so;  then  the  angle 
is  2l»  14'. 


Of  the  Theodolite. 

As  an  nngnluT-  instnuueut  the  Theodolite  has  &om  lime  to 
time  received  such  improvements,  that  it  may  now  be  con- 
sidered the  most  important  oue  employed  in  Surveymg. 
They  are  of  various  modes  of  construction,  but  we  shall  here 
confine  ourselves  to  the  two  patterns  in  general  use  on  the 
Indian  Surveys. 
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DeteripHon  of  the  TkeodoUte.  This  instmment  (as  repre- 
sented in  the  next  page)  consists  of  two  circular  plates,  A  and 
B,  called  the  horizontal  limb,  the  apper,  or  Temier  plate.  A, 
turning  freely  upon  the  lower,  both  having  a  horizontal  motion 
by  means  of  the  vertical  axis,  C.  Tliis  axis  consists  of  two 
parts,  external  and  internal,  the  former  secured  to  the  gradu- 
ated limb,  B,  and  the  latter  to  the  vernier  plate,  A.  Their 
form  is  conical,  nicely  fitted  and  ground  into  each  other,  hav- 
ing an  easy  and  a  very  steady  motion ;  the  external  centre  also 
fits  into  a  ball  at  D,  and  the  parts  are  held  together  by  a 
screw  at  the  lower  end  of  the  internal  axis. 

The  diameter  of  the  lower  plate  is  greater  than  that  of  the 
upper  one,  and  its  edge  is  chamfered  off  and  covered  with 
silver,  to  receive  the  graduations:  on  opposite  parts  of  the 
edge  of  the  upper  plate,  or  180°  apart,  a  short  space,  a,  is  also 
chamfered,  forming  with  the  edge  of  the  lower  plate  a  continu- 
ed inclined  plane:  these  spaces  are  likewise  covered  with 
stiver,  and  form  the  Yemiers.  The  lower  limb  is  usually 
graduated  to  30  minutes  of  a  d^ree,  and  it  is  subdivided 
by  the  Vernier  to  single  minutes,  which  being  read  off  by  tlie 
magnifying  glass,  E,  half  or  even  quarter  minutes  can  easily  be 
estimated. 

The  parallel  plates,  F  and  G,  are  held  togetiier  by  a  ball 
and  socket  at  D,  and  are  set  firm  and  parallel  to  each  other 
by  four  milled-headed  screws,  three  of  which,  h,  b,  h,  are  shown 
in  the  figure;  these  turn  in  -sockets  fixed  to  the  lower  plate, 
while  their  heads  press  against  the  under  side  of  the  upper 
plate,  and  being  set  in  pwrs,  opposite  each  other,  they  act  in 
contrary  directions;  the  instrument  by  this  means  is  set  up 
level  for  observation. 

Beneath  the  parallel  plates  is  a  female  screw  adapted  to  the 
staff  head,  which  is  connected  by  brass  joints  to  three  maho- 
gany legs,  so  constructed  that  when  shut  up  they  form  one 
round  staff,  secured  in  that  form  for  carriage,  by  rings  put  on 
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them ;  and  when  opened  out  they  make  a  very  firm  stand,  be 
the  ground  ever  so  uneyen. 

The  lower  horizontal  limb  can  be  Rx^d  in  any  position,  by 
tightening  the  clamping  screw,  H,  which  causes  tlie  collar,  c, 

B 
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to  embrace  the  axis,  C,  and  prevent  its  moving;  but  it  being 
requisite  that  it  should  be  fixed  in  some  precise  position  more 
exactly  than  can  be  done  by  the  hand  alone,  the  whole  in- 
strument, when  thus  clamped,  can  be  moved  any  small  qnan- 
tity  by  means  of  the  tangent  screw,  I,  which  la  attached 
to  the  upper  parallel  plate.  In  like  manner  the  upper  or 
vernier  j4ate  can  be  fixed  to  the  lower,  in  any  position,  by 
a  clamp  which  is  also  furnished  with  a  tangent^screw.  The 
motirat  ol  this  limb,  and  of  the  vertical  arc,  hereafter  to 
be  described,  is  sometimes  effected  by  a  rack  and  piiuon;  but 
this  is  greatly  inferior,  where  delicacy  is  required,  to  the  slow 
motioi)  produced  by  the  clamp  and  tangent-screw. 

Upon  the  plane  of  the  vernier  plate,  two  spirit-levels,  d  d, 
are  placed  at  right  angles  to  each  other,  with  their  proper 
adjusting  screws  :  their  use  is  to  determine  when  the  horizon- 
tal limb  is  set  lerel:  a  compass  also  is  placed  at  J. 

The  frames  K  and  L  support  the  pivots  of  the  horizontal 
axis  of  the  vertical  arc  (or  semicircle)  M,  on  which  the  teles- 
cope is  placed.  The  arm  which  bears  the  microscope,  N,  for 
reading  the  altitudes  or  depressions,  measured  by  the  semi- 
circle, and  denoted  by  the  vernier,  e,  has  a  motion  of  several 
degrees  between  the  bars  of  the  &ame,  K,  and  can  be  moved 
before  the  face  of  the  vernier  for  readii^  it  offi  Another  arm 
clamps  the  opposite  end  of  the  liorizMttal  axis  by  turning  the 
screw,  O,  and  has  a  tangent^crew  at  P,  by  which  the  vertical 
arc  and  telescope  are  moved  very  small  quantities  np  or  down, 
to  perfect  the  contact  when  an  observation  is  made. 

One  side  of  the  vertical  arc  is  inlaid  with  Silver,  and  divid- 
ed to  single  minutes  by  the  help  of  its  vernier;  and  the  other 
side  shows  the  difference  between  the  hypothenuse  and  base  of 
a  right-angled  triangle,  or,  the  number  of  links  to  be  deducted 
from  each  chain's  length.  In  measuring  np  or  down  an  in- 
clined plane,  to  reduce  it  to  the  horizontal  measure.  The 
level,  which  is  shown  under  and  parallel  to  the  telescope,  is 
attached  to  it  at  one  end  by  a  joint,  and  at  the  other  by  a 
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captsan-Jieaded  screw,  f,  which  being  raised  or  luw^rad,  wiU 
set  the  level  parallel  to  the  optical  axis  of  the  telescope,  or 
line  of  collimation ;  the  screw,  g,  at  the  opposite  end,  is  to 
adjust  it  laterally,  ibr  true  paralieliBm  in  this  respect.  The 
telescope  has  two  collars,  or  rings,  of  bell  metal,  ground  truly 
cylindrical,  on  which  it  rests  in  its  supports.  A,  h,  called  ¥"8, 
from  their  resemblance  to  that  letter ;  and  it  is  confined  in  its 
place  by  the  clips,  i,  i,  which  may  be  opened  by  removing  the 
plus  J,  j,  for  the  purpose  of  reversing  the  telescope  or  allowing 
it  a  circular  motion  round  its  axis  during  the  adjustment. 

In  the  focus  of  the  eye-glass  are  placed  three  lines,  formed 
of  spider's  web,  one  horizontal,  and  two  crossing  it,  so  as  to 
include  a  small  angle  between  them ;  a  method  of  fixing  the 
wires  which  is  better  than  having  one  perpendicular  wire, 
because  an  object  at  a  distance  can  be  made  to  bisect  the 
said  small  angle  with  more  certEunty  than  it  can  be  bisected 
by  a  vertical  wira  The  screws  adjusting  the  cross  wires  are 
shown  at  m:  there  are  four  of  these  screws,  two  of  which  are 
placed  opposite  each  other,  and  at  right  angles  to  the  other 
two,  so  that  by  easing  one  and  tightening  the  opposite  one  of 
each  pair,  the  intersection  of  the  cross  wires  may  he  placed 
in  adjustment 

The  object^lass  is  thrust  outwards  by  turning  the  milled 
head,  Q,  on  the  side  of  the  telescope,  that  being  the  means  of 
adjusting  it  to  show  an  object  distinctly. 

A  brass  plummet  and  line  are  packed  in  the  box  with  the 
Theodolite,  to  suspend  from  a  hook  under  its  centre,  by  which 
it  can  be  placed  exactly  over  the  station  from  whence  the 
obversations  are  to  be  taken ;  likewise,  if  required,  two  extra 
eye-pieces  for  the  telescope,  to  be  used  for  astronomical  obser- 
vations :  the  one  inverts  the  object,  and  has  a  greater  magnify- 
ing power,  but  having  fewer  glasses  possesses  more  light ;  the 
the  other  is  a  diagonal  eye-piece,  which  will  be  found  extremely 
convenient  when  observing  an  object  that  has  a  considerable 
altittide;  the  observer   avoiding   the   unpleasent  and  pmnful 


position  he  mast  assume  in  oi-der  to  look  through  the  teles- 
cope when  either  of  the  other  eye-pieces  is  applied.  A  small 
cap  containing  a  dark-coloured  glass  is  made  to  apply  to  the 
eye-end  of  the  telescope,  to  screen  the  eye  of  the  observer  from 
the  intensity  of  the  son's  rays,  when  that  is  the  object  under 
observation.  A  magnifying  glass  mounted  in  a  horn  frame,  a 
screw-driver,  and  a  pin  to  turn  the  capstan-screws  for  the 
adjustments,  are  also  furnished  with  the  instrument. 

The  Adjustments. 

The  first  adjustment  is  that  of  the  line  of  collimation;  that 
is,  to  make  the  intersection  of  the  cross  wires  coincide  with  the 
axis  of  the  cylindrical  rings  on  which  the  telescope  turns :  it 
is  known  to  be  correct,  when  an  eye,  looking  through  the 
telescope,  observes  their  intersection  continue  on  the  same  point 
of  a  distant  object  during  an  entire  revolution  of  the  telescope. 
The  usual  method  of  making  this  adjustment  is  as  follows : 

First,  make  the. centre  of  the  horizontal  wire  coincide  with 
some  well  defined  part  of  a  distant  object ;  then  turn  the  teles- 
cope half  round  in  its  Y's  till  the  level  lies  above  it,  and 
observe  if  the  same  point  is  again  cut  by  the  centre  of  the 
wire ;  if  not,  move  the  wire  one-half  the  quantity  of  deviation, 
by  turning  two  of  the  screws  at  m,  (releasing  one,  before  tight- 
ening the  other,)  and  correct  the  other  half  by  elevating  or 
depressing  the  telescope;  now  if  the  coincidence  of  the  wire 
and  object  remains  perfect  in  both  positions  of  the  telescope, 
the  line  of  collimation  in  altitude  or  depression  is  correct,  but 
if  not,  the  operation  must  bo  repeated  carefully,  until  the  adjust- 
ment is'  satisfactory.  A  similar  proceeding  will  also  put  the 
vertical  line  correct,  or  rather,  the  point  of  intersection, 
when  there  are  two  oblique  lines  instead  of  a  vertical  one. 

The  second  adjustment  is  that  which  puts  the  level  attached 
to  the  telescope  parallel  to  the  rectified  line  of  collimation. 
The  clips,  t,  i,  being  open,  and  the  vertical  arc  clamped,  bring 
the  air-bubble  of  the  level  to  the  centre  of  its  glass  tube,  by 


jM,Cooglc 


125 

turning  the  tangent-screw,  P ;  which  done,  reverse  the  telesco|>e 
in  it^  Y^s,  that  ia,  torn  it  end  for  end,  which  must  he  done 
carefblly,  that  it  may  not  distnrh  the  vertical  arc,  and  if  the 
bubble  resume  its  Ibrmer  situation  in  the  middle  of  the  tubei 
all  is  right ;  but  if  it  retires  to  one  end,  bring  it  back  one- 
half,  bj  the  screw,  f,  which  elevates  or  depresses  that  end 
of  the  level,  and  the  other  half  by  the  tangent-screw,  P :  this 
process  must  be  repeated  until  the  adjustment  is  perfect;  buC 
to  make  it  completely  so,  the  level  should  be  adjusted  laterally, 
that  it  may  remain  in  the  middle  of  the  tube  when  inclined  a 
little  oh  either  side  from  its  usual  position  immediately  under 
the  telescope,  which  is  effected  by  giving  the  level  such  an 
inclination,  and  if  necessary  turning  the  two  lateral  screws  at 
^ ;  if  making  the  latter  adjustment  should  derange  the  former, 
the  whole  operation  must  be  carefully  repeated. 

The  third  adjustment  is  that  which  makes  the  azimuthal 
axis,  or  axis  of  the  horizontal  limb,  truly  vertical. 

Set  the  instrument  ^is  nearly  level  as  can  be  done  by  the 
eye,  fasten  the  centre  of  the  lower  horizontal  limb  by  the 
staff-head  clamp,  H,  leaving  the  upper  limb  at  liberty,  but 
move  it  till  the  telescope  is  over  two  of  the  parallel  plate- 
screws  ;  then  bring  the  bubble  of  the  level  under  the  telescope, 
to  the  middle  of  the  tube,  by  the  screw,  P ;  now  turn  the  upper 
limb  half  round,  that  is  160°,  from  its  former  position ;  then, 
if  the  bubble  return  to  the  middle,  the  limb  is  horizontal  in 
that  direction ;  but  if  otherwise,  half  the  difference  must  be 
corrected  by  the  parallel  plate-screws  over  which  the  telescope 
lies,  and  half,  by  elevating  or  depressing  the  telescope,  by 
turning  the  tangent-screw  of  the  vertical  arc ;  ha^-hig  done 
which,  it  only  remains  to  turn  the  upper  hmb  forward  or  back- 
ward 90°,  that  the  telescope  may  lie  over  the  other  two 
parallel  plate-screws,  and  by  their  motion  set  it  horizontal.' 
Having  now  levelled  the  limb-plates  by  means  of  the  telescope 
level,  which  is  the  most  sensible  upon  the  instrument,  the  other 
air-bubbles  fixed  upon  the  vernier  plate,  may  be  brought  to  the 
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middle  of  their  tubes,  by  merely  giving  motion  to  the  screwd 
which  fasten  them  in  their  places. 

The  vernier  of  the  vertical  arc  may  now  be  attended  to ;  it 
is  correct,  if  it  points  to  zero  when  all  the  foregoing  adjust- 
ments are  perfect ;  and  any  deviation  in  it  is  easily  rectified,  by 
releasing  the  screws  by  which  it  is  held,  and  tightening  them 
again  after  having  made  the  adjustment :  or,  what  is  perhaps 
better,  note  the  qmtntity  of  deviation  as  an  index  error,  and 
apply  it,  plus  or  minus,  to  each  vertical  angle  observed.  This 
deviation  is  best  determined  by  repeating  the  observation  of 
an  altitude  of  depression  in  the  reversed  poaitions,  both  of  the 
telescope  and  the  vernier  plate ;  the  two  readings  will  have 
equal  and  opposite  errors,  one-half  of  their  difference  being 
the  index  error.  Such  a  method  of  observing  angles  is 
decidedly  the  best,  since  the  mean  of  any  eqnal  number  of 
observations  taken  with  the  telescope  reversed  in  its  ys,  must 
be  free  from  the  effects  of  any  error  that  may  exist  in  the 
adjustment  of  the  vernier,  or  zero  of  altitude. 

The  Theodolite,  as  constructed  in  the  manner  we  have 
described,  is  not  inconveniently  heavy,  as  the  diameter  of  the 
horizontal  limb  seldom  exceeds  live  inches;  but  when  the 
diameter  is  increased,  the  other  parts  must  be  made  pro- 
portJonably  large  and  strong,  and  the  instrument  becomes 
too  weighty  and  cumbersome  to  be  easily  carried  from  station 
to  station.  The  object  of  increasing  the  dimensions,  is  to  ena- 
ble the  instrument  to  furnish  more  accurate  results,  by  apply- 
ing a  telescope  of  greater  power,  and  by  a  more  minute  sub- 
divkion  of  the  graduated  arcs.  With  the  increase  of  size,  a 
small  variation  takes  place  in  the  construction,  principally 
consisting  in  the  addition  of  a  second  telescope,  and  in  the 
manner  of  attaching  the  supports,  K  and  L,  to  the  horizontal 
limb,  to  afford  the  means  of  adjusting  the  horizontal 
axis,  and  of  course,  making  the  telescope  and  vertical  arc 
move  in  a  vertical  plane.  In  the  smaller  instruments  this  ia 
done  by  construction,  but  in  the  larger  ones,  the  supports,  K 
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and  L,  are  attached  to  a  stoat  fiume,  which  also  carries  the 
compass  box,  instead  of  being  fixed,  as  represented  in  our 
figure,  to  the  upper  horizontal  plate.  The  frama  is  attached 
to  the  limb  by  three  capstan-headed  screws,  forming  an  equi- 
lateral triangle,  two  of  them  lying  parallel  to  the  horizontal 
axis,  and  the  third  in  the  direction  of  the  telescope ;  the  %d- 
justment  is  made  by  means  of  these  screws.  To  prove  its 
accuracy,  set  up  the  Theodolite  in  such  a  situation  that  some 
conspicious  point  of  an  elevated  building  may  be  seen  through 
the  telescope,  both  directly  and  by  reflection,  from  a  basin  of 
water,  or,  what  is  better,  of  oil  or  quicksilver.  Let  the 
instrument  be  very  correctly  levelled,  and  if,  when  a  vertical 
motion  is  given  to  the  telescope,  the  cross  wires  do  not  cut  the 
object  seen,  both  directly  and  by  reflection,  it  is  a  proof  that 
the  axis  is  not  horizontal ;  and  its  correction  is  effected  by 
giving  motion  to  the  screws  above  spoken  of,  which  are  at  nght 
angles  to  the  telescope,  or  in  the  direction  of  the  horizontal 
axis ;  or  a  long  plumb-line  may  be  suspended,  and  if  the  cross 
wires  of  the  telescope,  when  it  is  elevated  and  depressed,  pass 
exactly  along  the  line,  it  will  be  a  proof  of  the  horizontalitj  of 
the  axis.  The  third  screw,  or  that  which  is  under  the  teles- 
cope, serves  for  adjusting  the  zero  of  altitude,  or  vernier  of 
the  vertical  arc 

A  second  telescope  is  sometimes  attached  to  the  instrument 
beneath  the  horizontal  limb ;  it  admits  of  being  moved,  both 
in  a  vertical  and  horizontal  plane,  and  has  a  tangent-screw 
atttached  for  slow  motion :  Its  use  is  to  detect  any  accidental 
derangement  that  may  occur  to  the  instrument  whilst  observ- 
ing, which  may  be  done  by  it  in  the  following  manner.  After' 
levellmg  the  instrument,  bisect  some  very  remote  object  with 
the  cross  wires  of  this  second  telescope,  and  clamp  it  firm ;  if 
the  instrument  is  steady,  the  bisection  wiil  remain  permanmt 
whilst  any  number  of  angles  are  measured,  and  by  examining 
the-  bisection  from  time  to  time,  during  the  operation  at  the 
place  where  the  instrument  is  set  up,  any  error  arising  from 
this  cause  may  be  detected  and  rectified. 
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Having  given  a  description  of  the  common  Theodolite, 
we  now  proceed  to  notice  a  very  superior  instrument, 
defugned  by  Lieutenant  Colonel  Everest,  Bengal  Artillery, 
the  late  Surveyor  General  of  India,  and  manufactured  by 
the  celeberated  makers,  Troughton  and  SImms,  generally 
known  by  the  distinction  of  *'  Everest's  Pattern"  and  which  is 
universally  sought  after  by  Surveyors  of  tlie  present  day. 
The  descrplion  of  thia  instrument  is  given  in "  Simms' 
Treatise  on  Mathematical  Instruments,"  which  book  ought  to  be 
in  the  hands  of  every  Surveyor,  but  knowing  from  experience 
the  difficulty  of  obtaining  works  of  reference,  in  the  more 
distant  parts  of  India,  we  have  not  hesitated  in  this,  as  well  as 
in  other  instances,  to  borrow  liberally  from  the  work.  These 
instruments  are  of  the  most  perfect  construction  and  so  admir- 
ably adapted  for  the  purposes  of  the  Revenue  Survey,  that  too 
much  praise  cannot  be  bestowed  on  the  makers.  In  principle 
they  are  similar  to  Theodolites  of  much  larger  dimensions,  and 
consequently  their  essential  adjustments  are  made  in  the 
same  manner. 

The  following  figure  represents  an  instrument  of  this  kind : 
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The  horizontal  circle,  or  limb,  A  of  this  instrument  consists 
of  one  plate  only,  which,  as  usoal,  is  gradnated  at  its  circam- 
ferenca  The  index  is  formed  with  fonr  radiating  bars,  a,  b,  c, 
d,  having  verniers  at  the  extremities  of  three  of  them  marked 
A,  B  and  C,  for  reading  the  horizontal  angles,  and  the  fourth 
carries  a  clamp,  e,  to  fasten  the  index  to  the  edge  of  the  horizon- 
tal limh,  and  a  tangent-acrew,/,  for  slow  motion.  These  are 
connected  with  the  upper  works  which  carry  the  telescope, 
and  tmming  upon  the  same  centre,  show  any  angle  through 
which  the  telescope  has  been  moved.  The  instrument  has  also 
the  power  of  repeating  the  measurement  of  an  angle ;  for  the 
horizontal  limb  being  firmly  fixed  to  a  centre,  movable  within 
the  tripod  support,  R,  and  governed  by  a  clamp  and  tangent- 
screw,  s,  can  be  moved  with  the  same  delicacy,  and  secnred 
with  as  mnch  firmn^s,  as  the  index  above  it. 

The  tripod  support,  which  fomu  the  stand  of  the  instru- 
ment, ha^  a  foot-screw  at  each  extremity  of  the  arms  which 
form  the  tripod ;  the  heads  of  the  foot-screws  are  turned  down- 
wards, and  have  a  fiange  (or  shoulder)  upon  them,  so  that 
when  they  rest  upon  a  triangular  plate  fixed  upon  the  stafi^- 
head,  another  plate  locks  over  the  flange,  and  being  acted  upon 
by  a  spring,  retains  the  whole  instrument  firmly  upon  the  top 
of  the  staff.  The  advantage  of  the  tripod  stand  is,  that  it  can 
easOy  be  disengaged  trom  the  top  of  the  stafiF,  and  placed  upon 
a  parapet  or  other  support,  in  situations  where  the  stafif 
cannot  be  used. 

There  is  another  kind  of  stand  much  preferable  to  the 
one  usually  furnished  with  Instruments  and  now  in  general 
use  on  the  Revenue  Surveys;  it  consists  of  a  wooden 
triangular  frame,  on  which  is  fixed  the  brass  tripod  of  the 
Tiieodolite ;  the  legs  are  attached  to  this  frame  by  means  of 
a  brass  bolt  passing  through  the  frame  and  head  of  the  legs, 
wi&  a  screw  and  nut  at  each  end,  which  serves  to  tighten  or 
loosen  the  legs  at  pleasure,  the  other  end  of  the  legs  being 
furnished  with  an  iron  spike.     The  stands  are  not  perhaps 
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so  portable  as  those  folding  up  into  one  piece,  but  they  are 
generally  more  serviceable,  and  can  be  made  much  steadier 

for  observations. 


The  telescope  is  mounted  in  the  following  manner — The 
horizontal  axis,  L,  and  the  telescope,  M,  form  one  piece,  the 
axis  crossing  the  telescope  about  its  middle,  and  terminating 
at  each  extremity  in  a  cylindrical  pivot.  The  pivots  rest 
upon  low  supports,  (only  one  of  them,  D,  being  visible  in 
the  figure,)  carried  out  from  the  centre,  on  each  side,  by 
a  flat  horizontal  bar,  F,  to  which  a  spirit-level,  G,  Js  af^ 
tached  for  adjusting  the  axis  to  the  horizontal  plane.  The 
vertical  angles  are  read  off  on  two  arcs  of  circles,  H,  H, 
which  have  the  horizontal  axis  at  their  centre,  and  being 
attached  to  the  telescope,  move  with  it  in  a  vertical  plane. 
An  index,  upon  the  same  centre,  carries  two  veimers,  I,  I,  and 
it  has  a  spirit-level,  K,  attached  to  it,  by  which  the  index  can  be 
set  in  a  horizontal  position,  so  that  whatever  position  the  teles- 


jM,Cooglc 


cope,  and  conseqaently  the  gradoated  arcs,  may  have,  when  an 
observation  is  made,  the  mean  of  the  two  readings  will  denote 
the  elevation  or  depression  of  the  object  observed,  from  the 
horizontal  plane.  On  the  upper  part  of  the  telescope  is  fixed 
a  narrow  box,  containing  a  magnetic  needle,  for  observing  the 
Bearings  of  objects. 

The  following  are  the  adjustments  of  this  instrument :  First : 
to  set  the  instrument  level :  to  accomplish  this,  bring  the  spirit- 
babble,  G,  attached  to  the  horizontal  bar  ia  a  direction  paral- 
lel to  two  of  the  foot-screws,  and  by  their  motion  cause  the 
air-bubble  to  assume  a  central  position  in  the  glass  tube ;  then 
turn  the  telescope,  level,  &c.  half  round,  and  if  the  bubble 
is  not  central,  correct  half  the  deviation  by  raising  or 
lowering  one  end  of  the  level  itself,  and  the  other  half  by 
the  foot-screws,  which  in  this  instrument  perform  an  office 
similar  to  that  of  the  parallel  plate-screws  of  the  Theodolite 
already  described. 

Having  perfected  this  part,  turn  the  telescope  a  quarter 
roimd,  and  the  level  will  be  over  the  third  foot-screw,  which 
must  be  moved  to  set  tke  level  correct,  and  this  part  of  the 
adjustment  will  be  complete. 

The  line  of  collimatlon  must  be  next  attended  to :  direct  the 
telescope  to  some  well-defined  object,  and  make  the  vertical 
wire  bisect  it;  then  turn  the  axis  end  for  end,  an  operation 
which  of  course  inverts  the  telescope,  and  if  the  object 
be  not  now  bisected  by  the  vertical  wire,  correct  half  the 
deviation  by  the  collimating  screws  at  the  eye-end  of  the  teles- 
cope, and  the  other  half  by  ^ving  motion  in  azimuth  te  the 
instrument,  and  this  must  be  repeated  till  the  adjustment  is 
satisiitctorily  accomplished. 

Finally,  for  the  zero  of  altitude.  Take  the  altitude  or  depres- 
sion of  an  object  with  the  vertical  sector  in  reversed  positions ; 
half  the  sum  will  be  its  true  altitude,  or  depression,  and  to  this, 
let  the  verniers  be  set  Ag^  carefully  direct  the  telescope  to 
the  object,  making  the  bisection  by  the  screws  which  retain  the 
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index  in  a  horizontal  position,  and  finally  con'ect  the  level 
by  the  adjusting  screws  at  one  of  ItA  ends. 

The  Method  of  obseeving  with  the  Theoi>olite. 

To  level  the  instrument — The  instrument  being  placed 
exactly  over  the  station  irom  whence  the  angles  are  to  be 
taken,  by  means  of  the  plumb-line  suspended  from  its  centre, 
it  must  be  set  level  by  the  foot-screws  Q,  Q,  Q.  Thus: 
place  the  level  G,  in  a  direction  parallel  to  two  of  the 
foot-screws,  when  the  end  of  the  level  K,  will  fall  over 
the  third  foot-acrew ;  by  the  motion  of  the  foot-screws 
nnder  the  level  G,  ttu-n  them  both  inwards  or  both  out- 
wards, according  as  yon  want  the  bubble  to  go  to  the 
right  or  left,  until  it  becomes  stationary  in  the  middle: 
then  proceed  to  the  third  foot>-screw,  and  turn  it  to  the  right  or 
left,  imtil  the  bubble  in  the  level  K,  also  becomes  stationary  in 
the  middla  In  performing  this  last  operation,  the  level  G, 
will  be  perhaps  thrown  ont,  which  must  be  again  levelled, 
and  another  examination  made  of  the  level  K.  When  both 
bubbles  remain  stationary  in  the  middle,  the  inatnunent  is 
ready  for  observation. 

To  observe  an  angle. — By  means  of  the  clamp,  e,  and 
taiigent>«crew,  f,  set  the  vernier  marked  A  to  360° ;  then  turn 
the  limb  round,  and  with  the  lower  clamp  and  tangent-screw, 
s,  fix  the  cross-wires  in  the  telescope  en  any  object  Then 
loosen  the  upper  clamp,  e,  and  torn  the  upper  limb  round, 
fiiring  the  cross-wires  by  the  same  clamp  and  tangenl>-screw  on 
any  other  object ;  the  angle  subtended  can  be  then  read  off  on 
the  instrument. 

Another  method. — Clamp  the  lower  horizontal  limb  firmly 
in  any  position,  and  direct  the  telescope  to  one  of  the  objects 
to  be  observed,  moving  it  till  the  cross-wires  and  object  coincide ; 
then  clamp  the  upper  limb,  and  by  its  tangent^screw  make  the 
intersection  of  the  wires  nicely  bisect  the  object ;  now  read  off 
the  two  verniers,  the  degrees,  minutes,  and  seconds  of  (either) 
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one,  which  call  A,  and  the  minutea  and  seconds  only  of  the 
other,  which  call  B,  and  take  the  mean  of  the  readings  thus : — 

A  =  142=     36'     30" 

B=     „       37        0 


Mean  =  142      36     45 


Next  release  the  upper  plate,  and  move  it  round  until  the  teles- 
cope is  directed  to  the  second  object  (whose  angular  distance 
from  the  firat  Is  required,)  and  clamping  it,  make  the  cross- 
wires  bisect  this  object,  as  was  done  by  the  first;  again  read 
off  the  two  verniers,  and  the  difference  between  their  mean, 
and  the  mean  of  the  first  reading,  will  be  the  angle  required. 

To  repeat  an  ajtgU. — ^Leave  the  upper  plate  clamped  to  the 
lower,  and  release  the  clamp  of  the  latter ;  now  move  the  whole 
instrument  (bodily)  round  towards  the  first  object,  till  the  cross- 
wires  are  in  contact  with  it;  then  clamp  the  lower  plate  firm, 
and  make  the  bisection  with  the  lower  tangenNscrew.  Leav- 
ing It  thus,  release  the  upper  plate,  and  turn  the  telescope  to- 
wards the  second  object,  and  again  bisect  it  by  the  clamp  and 
slow  motion  of  the  upper  plate.  This  will  complete  one  repe- 
tition, and  if  read  off,  the  difference  between  this  and  the  first 
reading  will  be  double  the  real  angle.  It  is,  however,  best  to 
repeat  an  angle  four  or  five  times ;  then  the  difference  between 
die  first  and  last  readings  (which  are  all  that  it  is  necessary  to 
note)  divided  by  the  number  of  repetitions  will  be  the  angle 
required. 

The  magnetic  Bearing  of  an  object  is  taken,  by  simply  read- 
ing the  angle  pointed  out  by  the  compass-needle,  when  the 
object  is  bisected;  but  it  may  be  obtained  a  little  more  accu- 
rately by  moving  the  upper  plate  (the  lower  one  being  clamped) 
till  the  needle  reads  zero,  at  the  same  time  reading  off  the 
horizontal  limb ;  then  turning  the  upper  plate  about,  bisect 
the  object  and  read  ag^ ;  the  difl^rence  between  this  reading 
and  the  former  will  be  the  bearing  required. 
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In  taking  angles  of  elevation  or  depression,  it  is  scarcely 
necessary  to  add,  that  the  object  must  be  bisected  by  the  hori- 
zontal wire,  or  rather  by  the  intersectioa  of  the  wires  and  that 
after  observing  the  angle  with  the  telescope  in  its  natural  posi- 
tion, it  shonld  be  repeated  with  the  telescope  turned  half 
round  in  its  Y's,  that  is,  with  the  level  uppermost ;  the  mean 
of  the  two  measures  will  neutralize  the  effect  of  any  error 
that  may  exist  In  the  line  of  collimation. 

The  altitude  and  azimuth  of  a  celestial  object  may  like- 
wise be  observed  with  the  Theodolite,  tlie  former  being 
merely  the  elevation  of  the  object  taken  upon  the  vertical 
arc,  and  the  latter,  its  horizontal  angular  distance  from  the 
meridian. 

We  here  suggest  a  few  hints  on  the  use  of  these  delicate 
inatroments. 

1st.  They  must  not  be  handled  roughly.  In  taking  them  in 
and  out  of  the  box,  it  should  be  done  with  the  greatest  care, 
not  knocking  them  against  the  sides  of  the  box  or  forcing  them 
into  their  positions  within  it ;  the  boxes  are  so  constructed, 
that  the  instrument  fits  exactly  into  its  own  place,  and  unless  it 
settles  down  of  itself,  forcing  it  will  throw  the  mstrument  out 
of  adjustment 

2nd.  Never  permit  a  Native  Surveyor  to  apply  oil  to  any 
part  of  the  instrument,  under  the  idea  that  it  will  work  easier ; 
a  new  instrument  will  perhaps  work  stiff  at  first,  but  a  very 
few  days'  use  will  rectify  it,  the  application  of  oil  is  nothing  but 
a  resting  place  for  dust  that  is  always  Hying  about  in  the  field ; 
this  dust  works  up  into  the  various  sctcws,  wears  them,  and 
at  the  end  of  six  months  the  inatmment  requires  repdr,  or  is 
next  to  useless ;  if  oil  ia  necessary,  it  should  be  applied  by  the 
Assistant,  and  then  wiped  off  as  dry  as  p(»sible. 

3rd.  Always  throw  the  needle  off  its  centre  by  the  stop  fixed 
on  one  side  of  the  box,  when  the  instrument  is  not  in  use,  as 
the  constant  playing  of  the  needle  wears  the  pivot  upon  which 
it  is  balanced;  and  on  the  fineness  of  this  point  depends  the  ao- 
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curacy  of  the  Bearing.  This  is  equally  applicable  to  the 
Prismatic  Cbinpass  and  Circumferentor. 

4th.  Always  wipe  the  dost  off  the  instrainent  on  conunenc- 
ing  and  finishing  a  day's  work,  with  a  camel  hair  brush,  as  this 
will  tend  to  prevent  any  accumulation  of  dirt  about  it:  a 
Surveyor  should  partly  be  judged  of  by  the  state  of  his 
instrument 

5th.  When  once  the  variation  of  the  needle  is  ascertained, 
never  remove  the  box  from  off  the  telescope,  for  unless  it  ia 
screwed  on  again,  in  the  exact  position  it  originally  was,  the 
variation  of  the  needle  will  alter. 

6th.  On  the  care  a  Surveyor  takes  of  his  Theodolite, 
depends  much  of  the  accuracy  of  his  work;  if  he  neglects 
and  is  careless  about  the  former,  he  will  one  day  have  to  lament 
over  the  accumulated  errors  of  the  latter. 

7th.  Native  agency  being  employed  to  a  very  great  extent 
in  the  Revenue  Surveys,  the  strictest  surveillance  is  necessary 
on  the  part  of  Assistants  te  guard  agtunst  the  great  negligence 
in  this  respect  generally  prevalent  amongst  Kative  Surveyors. 
It  is  the  duty  also  of  the  Revenue  Surveyor  to  examine  and 
personally  satisfy  himself,  that  his  instruments  are  in  efficient 
working  order. 


jM,Googlc 


CHAPTER  IV. 


The  Box  oe  Pocket  Sextant. 


The  Pocket  Sextant  combines  numerous  valuable  properties: 
it  measures  an  angle  to  one  minute  of  a  degree,  requires  no 
support  but  the  hand,  maj  be  nsed  on  horseback,  maiutiuns  its 
adjustment  long,  and  is  easily  re-adjusted  when  put  out  of 
order.  It  will  determine  the  latitude  by  a  meridian  altitude 
to  one  minute;  and  an  approximation  may  even  be  made  with 
it  to  the  longitude,  by  means  of  lunar  observations.  Further, 
it  is  very  portable,  forming  when  shut  up,  a  circular  box 
under  3  inches  in  diameter,  and  only  1^  inches  deep. 
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The  figure  in  the  adjoining  page  represents  the  instrument 
screwed  to  its  box,  for  convenience  of  holding  in  the  hand  and 
with  the  telescope  drawn  out  A  is  the  index  arm,  having  a 
vernier  adjusted  to  the  graduated  arc  B,  which  latter  is  num- 
bered to  140°,  but  the  sextant  will  not  measure  au  angle  greater 
than  about  125".  The  index  is  moved  by  the  milled-head  C, 
acting  upon  a  rack  and  pinion  in  the  interior.  Two  mirrors  are 
placed  inside;  the  large  one,  or  index  mirror,  is  €xed  to,  and 
moves  with,  the  index :  the  other,  called  the  horizon  glass,  is 
only  half-silvered.  The  proper  adjustment  of  the  instrument 
depends  on  these  glasses  being  parallel,  when  the  index  is  at 
zero— while  they  are,  at  the  same  time,  perpendicular  to  what 
is  termed  the  plane  of  the  instrument,  represented  by  its  upper 
surface  or  face.  To  observe  whether  the  instrument  is  in 
perfect  adjustment,  remove  the  telescope  by  pulling  it  out,  and 
supply  its  place  with  a  slide  for  the  purpose,  in  which  is  a 
small  hole  to  look  through :  then  place  the  index  accurately  at 
zero,  and  direct  the  instrument,  holding  it  horizontally,  towards 
the  sharp  angle  of  a  building,  not  less  then  half  a  mile  distant, 
applying  the  eye  so  as  to  see  both  through  the  hole  in  the 
slide,  and  also  through  the  nnsilvered  part  of  the  horizon 
glass :  the  same  object  ought  then  to  be  so  reflected,  from  the 
index  mirror  to  the  silvered  part  of  the  horizon  glass,  as  to 
seem  but  one  with  the  object  seen  direct:  if  such  is  not  the 
case,  a  correction  becomes  necessary,  which  is  thus  performed : 
D  is  a  key,  removable  at  pleasure,  that  fits  two  keyholes, 
the  one  at  a,  the  other  at  b.  Apply  this  key  at  a,  and  gently 
turn,  until  the  reflected  object,  and  the  one  seen  direct,  seem 
but  as  one.     The  glasses  are  then  parralleL 

The  next  point  is  to  examine  whether  the  horizon  glass  is 
perpendicular  to  the  plane  of  the  instrument.  For  this 
purpose,  hold  the  sextant  horizontally,  and  look  at  the  distant 
horizon;  then,  if  any  adjustment  is  wanted,  two  horizons  will 
appear,  or  the  reflected  one  will  be  higher  or  lower  than  the 
one  seen  direct ;  should  this  be  the  case,  apply  the  key  at  b,  so 

T 
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as  to  bring  the  two  horizons  tt^ether.  It  must  be  observed 
that  the  large  or  index  mirror  being  correct  by  constmction, 
it  can  want  no  alteration. 

By  looking  at  the  son,  we  can  always  satisfy  ourselves  with 
respect  to  the  adjustments;  the  telescope  has  a  dark  glass  at 
the  eye  end,  and  with  this  on,  we  have  only  to  place  the  index 
at  zero,  and  nsing  the  telescope,  to  look  at  the  son — ^when, 
provided  the  instmment  is  in  exact  adjustment,  one  perfect 
orb  only  will  be  seen.  If  the  reflected  image  projects  beyond 
the  other,  then  correction  is  necessary.  The  full  moon  will 
answer  as  well  as  the  sun  for  this  purpose ;  bat  the  dark  glass 
at  the  eye  end  of  the  telescope  must  then  be  removed.  The 
instrument  is  provided  with  two  other  dark  glasses,  which 
sink  oat  of  the  way  by  raising  two  little  levers  at/ 

It  has  been  mentioned  above,  that  for  trying  the  adjustments 
of  the  sextant,  an  object  must  be  half  a  mile  off;  this  is  on 
account  of  what  is  called  the  parallax  of  the  instrument,  oc- 
casioned by  the  necessity  of  placing  the  eye  of  the  observer  on 
one  side  of  the  index  mirror.  Could  we  look  from  the  middle 
of  it,  there  would  be  no  paraUax ;  which  is  the  angle  subtended 
by  the  point  of  vision,  and  centre  of  the  index  glass,  when 
observing  any  near  object :  consequently,  as  the  distance  of  an 
object  is  increased,  this  angle  diminishes,  and  at  length, 
becomes  as  nothing  when  compared  with  it.  Half  a  mile  is 
considered  sufficient  for  all  error  to  vanish,  but  at  half  that 
distance,  it  is  scarcely  perceptible. 

To  take  an  angle,  the  observer  looks  either  through  the 
telescope,  or  hole  in  the  slide  (having  previously  raised  Ae 
levers  of  the  dark  glasses  at/),  at  the  left  hand  object,  hold- 
ing l^e  sextant  horizontally  in  his  left  hand ;  witli  his  right, 
he  turns  the  milled-head  C,  until  the  other  object,  r^ected 
from  the  index  glass,  a^^teare  upon  the  silvered  part  of  the 
horizon  glass,  exactly  covering  or  agreeing  with  the  leH  hand 
object,  seen  direct  through  the  unsilvered  portion  of  the  horizon 
glass :  the  angle  is  then  obtained  by  the  vernier  to  one  minute. 
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If  the  required  angle  be  a  vertical  one,  the  sextant  is  held 
in  a  yerdca!  position,  by  the  right  hand,  while  the  left  turns 
the  miUed-head  C,  until  the  object  is  brought  down  to  the 
horizon. 

When  the  altitude  of  a  celestial  body  is  taken  at  aea,  it  is 
brought  down,  as  the  term  is,  to  the  natural  horizon,  and  the 
measure  of  the  angle,  or  height  of  the  object,  is  read  off  upon 
the  graduated  arc :  but  on  land,  the  natural  horizon  can  seldom 
be  used,  on  account  of  its  irregularity ;  recourse  is  then  had  to, 
what  is  called,  an  artificial  horizon,  (page  151)  such  as  a  vessel 
containing  water,  mercury  or  other  fluid.  The  observer  then 
places  himself  in  a  situation,  to  aee  the  reflected  image  of  the 
aun,  or  other  body,  in  the  fluid :  he  has  only  then  to  bring  down 
the  image,  as  reflected  &om  the  index  glass,  until  it  reaches  its 
reflection  in  the  fluid :  the  altitude  will  then  be  half  the  num- 
ber of  degree,  indicated  by  the  graduated  arc,  subject  to 
certain  corrections,  not  necessary  to  be  explained  here. 

The  height  and  distance  of  objects,  as  walls  or  buildings, 
whether  accessible  or  otherwise,  may  be  obtained  in  a  very 
simple  and  expeditious  manner  with  the  sextant,  by  means  of 
the  little  table  below ; — 
Unltipli«r.  Angle.  Aogle.  IKvUor. 

1  45°  Off     45°  Off     1 

2         63    26     26    34     2 

3         71    34     18    26     3 

4         75    58     14    02     4 

5         78    41     U     19     5 

6         80    32     9    28     6 

8         82    52     7    08     8 

10         84    17     5    43     10 

Make  a  mark  upou  the  object,  if  accessible,  equal  to  the 
height  of  yonr  eye  from  the  ground.  Set  the  index  to  one  of 
the  angles  in  the  table,  and  retire  on  level  ground,  until  th^ 
t«p  is  brought  by  the  glasses  to  coincide  with  the  mark ;  then, 
if  the  angle  be  greater  than  45°,  multiply  the  distance  by  the 
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corresponding  figure  to  the  angle  in  the  table ;  if  it  be  less, 
divide — and  the  product,  or  quotient,  will  be  the  height  of  the 
object  above  the  mark.  Thos,  let  EB  be  a  wall,  whose 
height  we  want  to  know;  and  26''  34'  the  angle  selected. 
Make  a  mark  at  D  equal  to  the 
height  of  the  eye ;  then  step  back 
from  the  wall,  until  the  top  at  E 
is  brought  down  by  the  glasses  to 

coincide  with  the  mark:  measure  r   -- — 

the  distance  AB,  namely,  from  Ij — 

your  station  to  the  wall,  and  divide  that  distance  by  2,  the 
figure  corresponding  to  26"  34',  this  will  give  the  height  DE, 
to  which  BD  must  be  added. 

The  parallax  of  the  instrument  exerts  an  iofluence  on  mea- 
surements of  this  kind,  from  the  object  being  near.  To  cor- 
rect it,  we  have  only  to  ascertain  its  mnount,  by  placing  the 
index  at  zero,  and  looking  through  the  instrument  at  the  top 
of  the  wall ;  when,  if  influenced  by  parallax,  it  will  appear  -as 
a  broken  lino;  but  by  moving  the  index  a  little  way  on  the 
arc  of  excess,  or  to  the  left  of  zero,  the  broken  line  will  reunite, 
and  the  adjustment  be  effected.  When  any  quantity  is  taken 
thus  on  the  arc  of  excess,  the  amount  must  be  deducted,  when 
setting  the  instrument  to  any  of  the  tabular  angles. 

When  the  object  is  inaccessible — set  the  index  to  the  great- 
est of  the  divisor  angles  in  the  table,  that  the  least  distance 
from  the  object  will  admit  of,  and  advance  or  recede,  tJU  the 
top  of  it  is  brought  down  by  the  sextant  to  a  level  with  tiie 
eye:  at  this  place,  set  up  a  staff,  equal  to  the  height  of  the 
eye.  Then  set  tlie  index  to  one  of  the  lesser  angles,  and  retire 
in  a  line  from  the  object,  till  the  top  is  brought  to  coincide 
with  the  stoff,  set  up  to  indicate  the  height  of  the  eye ;  place  a 
mark  here,  and  measure  the  distance  between  the  two  marks; 
this,  divided  by  the  difference  of  the  figures  opposite  the  angles 
used,  will  ^ve  the  height  of  the  object  above  the  height  of  the 
teye  or  mark.     For  the  distance,  multiply  the  height  of  the 
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object  by  the  numbers  against  either  of  the  angles  made  use  of, 
and  the  product  will  be  the  distance  of  the  object  from  the 
place  where  such  angle  was  used. 

The  above  will  be  understood  better  by  means  of  a  diagram- 
Let  AB  be  a  wall,  not  to  be  approached  nearer  than  C ;  and 
that  we  find,  upon  trial,  that  this  distance  admits  of  our  using 
the  angle  45° ;  assume  a  point  E  on  the  wall,  as  the  height  of  . 
the  eye ;  then  the  index  being  set  to  45°,  fix  yourself  so  that 
the  glasses  shall  bring  the  top  A  to  coincide  with  E.  At  this 
point,  place  a  staflF,  CGr,  equal  to  the  height  of  the  eye.  Now 
select  any  one  of  the  lesser  angles  from  the  tables — 18'  26' 


for  instance,  and  retire  until  the  point  A  agrees  with 
the  top  of  the  staff  CG,  which  occurs  at  F.  Place  a 
mark  at  F,  and  measure  the  distance  from  F  to  G-;  which, 
divided  by  2,  the  difference  of  the  numbers  opposite  to 
the  angles  used,  will  give  AE — to  which  add  BE  -=  CG,  the 
height  of  the  eye,  and  the  total  height  AB  is  obtained.  Then, 
for  the  distance — ^the  height  AE,  multiplied  by  3,  its  corres- 
ponding figure,  will  give  the  length  DE :  and  AE  multiplied 
by  1,  will,  in  like  manner,  give  GB  ^  AE  in  this  instance. 

Horizontal  distances,  as  well  as  heights,  may  be  ascertdned 
by  means  of  the  table,  where  the  ground  is  level.  Thus  sup- 
pose, we  wish  to  measure  the  breadth  of  a  river,  denoted  by  the 
line  AB :  set  the  index  to  an  angle  of  the  table ;  place  a  mark 
at  B,  and  proceed  in  a  direction  C,  at  right  angles  to  AB,  until 
the  glasses  of  the  instrument  shew  A  and  B  in  contact :  then 
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win  the  distance  AB  be  a  product  or  quotient  of  the  base 
BC,  accordmg  to  the  angle  used.  For  instance,  if  the  angle 
26°  34'  be  nsed,  then  must  the  distance  BC  be  divided  by  2, 

The  method  of  determining  heights  and  distances  by  the 
small  table,  is  valuable,  as  the  operations  are  speedily  per- 
formed, and  with  tolerable  accuracy;  while  it  enables  us  to 
dispense  with  logarithmic  tables  and  trigonometry. 

The  pocket  sextant  is  very  useful  when  taking  offsets :  set 
the  index  to  90%  and  walk  along  the  station  line;  then,  when 
you  wish  to  ascertain  at  what  point  any  mark  or  object 
becomes  perpendicular  to  the  station  line,  you  have  only  to 
look  through  the  sextant  at  the  left;  hand  object,  and  move 
forward  or  backward  until  the  two  objects,  namely,  the  offset 
mark,  and  that  on  your  station  line,  are  brought  to  coincide. 
Or,  if  you  wish  to  lay  off  a  line  at  right  angles  to  another, 
send  your  assistant  with  a  staff  in  the  required  direction,  and 
having  set  the  index  at  90°,  cause  him  to  move  right  or  lefl 
until  his  staff  and  your  other  mark  are  made  to  agree. 

On  the  Sextant. 
The  sextant  is  an  instrument  for  determining  the  angles  of 
elevation  of  objects,  or  the  altitudes  of  celestial  bodies.     To  a 
Surveyor  who  generally  baa  only  Theodolites  of  small  dimen- 
sions, it  is  most  useful  for  determining  his  latitude  or  longitude. 
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The  principle  of  its  construction  may  be  gathered  frcan  the 
following  demonstration : 

Let  ABC  represent  a  Sextant,  ha.v~    ^^ 
ingaaindeXjAG,  (to  which  is  attached         '-. 
a  mirror  at  A)  movable  about  A  as  a  •,    1 

centre,  and  denoting  the  angle  it  hasH -v 

moved  through,  on  the  arc,  BC ;  also  /  '  \ 

let  the  half-silvered  (or  horizon) glass,      .V_.._  l.V-. 

a  b,  he  fixed  parallel  to  AC;  now  a  /  *■?     \      \ 

ray  of  light,  SA,  from  a  celestial  ob-  /         •.,  '\        \ 

ject,  S,  impinging  against  the  mirror,    "V-,.^  'A     ^-^^ 

A,  is  reflected  off  at  an  equal  angle,  and  f> 

striking  the  half-silvered  glass  at  D,  is  again  reflected  to  E, 
where  the  eye  likewise  receives  through  the  transparent  part 
of  that  glass  a  direct  ray  from  the  horizon.  Then  the  altitude, 
SAH,  is  equal  to  double  the  angle,  CAG,  measured  upon 
the  limb,  BC,  of  the  instrument 

For  the  reflected  angle,  BAG  (or  DAF)  =  the  incident 
angle,  SAI,  and  the  reflected  angle,  &DE  =•  the  incident 
aDA  =  DAE  =  DEA,  because  a  A  is  parallel  to  AC.  Kow, 
HAI  =  DFA  =  (FAE  +  FEA),  and  DAE,  being  equal  to 
DEA,  it  follows  that  HAI  =  (DAE  +  FAE>  Fronx  HAI 
and  (DAE  +  FAE)  take  the  equal  angles,  SAI  and  DAF, 
and  there  remains  SAH  =  2  FAE,  or  2  GAC ;  or,  in  other 
words,  the  angle  of  elevation,  SAH,  is  equal  to  double  the 
angle  of  inclination  of  the  two  mirrors,  DGA,  being  equal 
to  GAC. 

Hence  the  arc  on  the  limb,  BC,  although  only  the  sixth 
part  of  a  circle,  is  divided  as  if  it  were  120°,  on  account  of  its 
double  being  required  as  the  me^ure  of  CAB,  and  it  is  gene- 
rally extended  to  140". 

The  annexed  figure  represents  a  sextant  of  Tbouohton's 
construction,  having  a  double  frame,  AA,  connected  by  pillars, 
a  a,  &c  thus  uniting  strength  with  lightness.  The  arc,  BC,  is 
generally  graduated  to  10'  of  a  degree,  commencing  near  the 
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end,  C,  and  it  is  numltered  towards  B.  The  divisions  are  also 
continued  on  the  other  side  of  zero,  towards  C,  forming  wliat 
is  called  the  arc  of  excess,  which  is  nseful  in  determining  the 
index  error  of  the  instrument,  as  will  be  explained  hereafW. 
The  limb  is  subdivided  by  the  vernier,  E,  into  10",  the  half  of 
which  (or  5")  can  be  easily  estimated :  this  small  quantity  is 
easily  distinguishable  by  the  aid  of  the  miscroscope,  H,  and  its 
reflector,  b,  which  are  connected  by  an  arm  with  the  index,  IE, 
at  the  point,  c,  round  which  it  turns  as  a  centre,  affording  the 
means  o^  examining  the  whole  vernier,  the  connecting  arm 
being  long  enough  to  allow  the  microscope  to  pass  over  the 
whole  length  of  it 


To  the  index  is  attached  a  clamp  to  fasten  it  to  the  limb,  and 
a  tangent  screw,  J,  (in  the  plate,  the  clamp  is  concealed  froxa 
view)  by  which  the  index  may  be  moved  any  small  quantity, 
after  it  is  clamped,  to  render  the  contact  of  the  objects  observ- 
ed more  perfect  than  can  he  done  by  moving  it  ^ith  the  hand 
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alone.  The  upper  end,  I,  terminates  in  a  circle,  across  which 
is  fixed  the  silvered-index  glass,  F,  over  the  centre  of  motion, 
and  perpeudicnlar  to  the  plane  of  the  instrument.  To  the 
firame  at  G  is  attached  a  second  glass,  called  the  horizon-glass, 
the  lower  half  of  which  only  is  silvered:  this  mnst  likewise  be 
perpendicular  to  the  plane  of  the  instrument,  and  in  such  a 
position  that  its  plane  shall  be  parallel  to  the  plane  of  the 
index-^Iass,  F,  when  the  vernier  is  set  to  0°  (or  zero)  on  the 
limb,  BC.  A  deviation  from  this  portion  constitutes  the  in'^ 
error  before  spoken  of. 

The  telescope  is  carried  by  a  ring,  L,  attached  to  a  stem,  e, 
called  the  np-and-down  piece,  which  can  be  raisod  or  lowered 
by  turning  the  nulled  screw,  M :  its  uao  is  to  place  the  telescope 
so  that  die  field  of  view  may  be  bisected  by  the  line^on  the 
horizon^lass  that  separates  the  silvered  &om  the  nn^vered 
part.  This  is  important,  as  it  renders  the  object  seen  by  re- 
flection, and  that  by  direct  vision  equally  bright;  two  teles- 
copes and  a  pl^  tube,  all  adapted  to  the  ring,  L,  are  packed 
with  the  sextant,  one  showing  the  objects  erect,  and  the  other 
inverting  them;  the  last  has  a  greater  magnifying  power,  shoe- 
ing the  contact  of  the  images  much  better.  The  adjustment  fdT 
distinct  vision  is  obtained  by  sUding  the  tabe  at  the  eye-end  o£ 
the  telescope  in  the  inside  of  the  other ;  this  also  is  the  means 
of  ad^ting  the  focus  to  suit  different  eyes.  In  the  inverting 
telescope  are  placed  two  wires,  parallel  to  each  other,  and  in 
the  middle  of  the  space  between  them  the  observations  are  to 
be  made,  the  wires  being  first  brought  parallel  to  the  j^ane  of 
the  sextant,  which  may  be  judged  of  with  sufficient  exactness 
by  the  eye.  When  observing  with  this  telescope,  it  must  be 
borne  in  mind,  that  the  instrument  must  be  moved  in  a  contr^-y 
durection  to  that  which  the  object  appears  to  take,  in  order  to 
keep  it  in  the  field  of  view. 

Four  dark  glasses,  of  diflerent  depths  of  shade  and  colour, 
are  placed  at  K,  between  the  index  and  horizon  glasses ;  also 
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Uiree  more  at  N,  any  one  or  more  of  which  can  be  turned 
down  to  moderate  the  intensity  of  the  light,  b^ore  reaching 
the  eye,  when  a  very  laminaas  object  (as  the  sun)  is  observed. 
The  same  purpose  is  effected  by  6zing  a  dark  glass  to  the  eye- 
end  of  the  teleso^:  one  or  more  dark  glasses  for  this  purpose 
genoally  accompany  the  instmment.  They  however  are 
chiefly  used  when  tlie  son's  altitude  is  observed  with  an  artifi- 
cial homoD,  or  for  ascertaining  the  index  error,  as  employing 
the  shades  attached  to  the  instroment  for  such  purposes,  would 
iSvolve'm  the  result,  any  error  which  they  might  possess. 
The  handle,  ^hich  is  shewn  at  O,  is  fixed  at  the  back  of  the 
instrument.'  The  hole  in  the  middle  is  for  fixing  it  to  a 
stand,'  which  is  iismit  when  an  observe  is  desirous  of  great 


Of  the  Adjostments. 

TB£  requisite  adjustments  are  the  following  i  the  index  and 
horizon-glasses  must  be  perpendicular  to  the  plane  of  the  in- 
strument, and  their  planes  parallel  to  each  other  when  the  index 
division  of  the  vernier  is  at  0°  on  the  arc,  and  the  optical  axis 
of  the  telescope  must  be  parallel  to  the  plane  of  the  instrument. 
We  shall  speak  separately  of  each  of  these  adjustments. 
^  To  examine  the  A^ustment  of  the  Index-glass. 

Move  the  index  forward  to  about  the  middle  of  the  limb, 
then,  holding  the  instrmnent  horizcoitally  with  the  divided 
limb  from  the  observer,  and  the  index-glass  to  the  eye,  look 
obliquely  down  the  glass,  so  as  to  see  the  circular  arc,  by 
direct  view  and  by  reflectjon,  in  tiie  glass  at  the  same  time; 
and  if  they  appear  as  one  continued  arc  of  a  circle,  the  index- 
glass  is  in  adjmtment  If  it  requires  correcting,  the,  arc  will 
appear  broken  where  the  reflected  and  direct  parts  of  the  limb 
meet  This  in  a  well  made  instroment  is  seldom  the  case, 
nnless  the  sextant  has  been  exposed  to  rough  treatment  As 
the  glass  ia  in  the  first  instance  set  right  by  tho  maker,  and 
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firmly  fix:ed  in  its  place,  its  position  is  not  liable  to  ^ter,  there- 
fore no  direct  means  are  supplied  for  its  adjustment. 

To  examine  the  horizon-glass,  and  set  it  perpendicular  to  the 
Plane  of  the  Sextant. 

The  position  of  this  glass  is  known  to  be  right,  when  by  a 
sweep  with  the  index,  the  reflected  image  of  any  object  passes 
exactly  over  or  covers  its  image  as  seen  directly ;  and  any 
error  is  easily  rectified  by  taming  the  small  screw,  i,  at  the 
lower  end  of  the  frame  of  the  glass. 

To  examine  the  JParaUeUsm  of  tke  l^anes  of  the  two  Glasses, 
when  the  Index  is  set  to  Zero. 

This  is  ea^y  ascertained ;  ftir,  afl«r  setting  the  zero  on  the 
index  to  zero  on  the  limb,  if  yon  direct  your  view  to  some 
object,  the  sun  for  instance,  you  will  see  that  the  two  images 
(one  seen  by  direct  vision  through  the  unsilvered  part  of  the 
horizon-^Iass,  and  the  other  reflected  from  the  silvered  part) 
coincide  or  appear  as  one,  if  the  glasses  are  correctly  parallel 
to  each  other  j  hut  if  tlie  two  images  do  not  coincide,  the 
quantity  of  their  deviation  ccmstitutes  what  is  called  the  index 
error.  The  effect  of  this  error  on  an  angle  measured  by  the 
instrument  is  exactly  eqnal  to  the  error  ifcself :  therefore,  in 
modem  instruments,  there  are  seldom  any  means  applied  lor 
its  correction,  it  being  considered  preferable  to  determine  its 
amount  previous  to  observing,  or  immediately  after,  and  apply 
it  with  its  proper  s^  to  each  observation.  The  amount  of 
the  index  error  may  be  found  in  the  following  manner :  clamp 
the  index  at  about  30  minutes  to  the  lef^  of  zero,  and  looking 
towards  the  sun,  the  two  images  will  appear  either  nearly  in 
contact  or  overlapping  each  other ;  then  perfect  the  contact,  hy 
moving  the  tangent-screw,  and  call  the  minutes  and  seconds 
denoted  by  the  vernier,  the  reading  on  the  arc  Next  place 
the  index  about  the  same  quantity  to  the  right  of  zero,  or  on 
the  arc  of  excess,  and  make  the  contact  of  the  two  images 
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perfect  as  before,  and  call  the  minutes  and  seconds  on  the  are 
of  excess*  the  reading  off  the  arc ;  and  half  the  difference  of 
these  numbers  is  the  index  error;  additive  when  the  reading 
on  the  arc  of  excess  is  greater  than  that  on  the  limb,  and  sub- 
tractive  when  the  contrary  is  the  case. 

KXAUPLE.  '  " 

Reading  on  the  arc, 31     56 

„       offthe  arc, 31     22 

Difference,  0     34 

Index  error, =   —    0     17 

In  this  case  the  reading  on  the  arc  being  greater  than  that 
on  the  arc  of  excess,  the  index  error,  -=17  seconds,  must  be 
subtracted  from  all  observations  taken  with  the  instrnment, 
until  it  be  found,  by  a  similar  process,  that  the  index  error  has 
altered.  One  observation  on  each  side  of  zero  is  seldom  con- 
sidered enough  to  give  the  index  error  with  sufficient  exacts 
nes3  for  particular  purpoaes ;  it  is  usual  to  take  several  mea- 
sures each  way ;  "  and  half  the  difference  of  their  means  will 
give  a  result  more  to  be  depended  on  than  one  deduced  (com  a 
single  observation  only  on  each  side  of  zero."  A  proof  of  the 
correctness  of  observations  for  index  error  is  obtained  by  add- 
ing the  above  Dumbers  together,  and  taking  one-fourth  of  their 
sum,  which  should  be  equal  to  the  sun's  semi-diameter,  as  given 
in  tiie  Nautical  Almanac.  When  the  sun's  altitude  is  low,  not 
exceeding  20"  or  30<*,  his  horizontal  ijistead  of  his  perpendicular 
diameter  should  be  measured,  (if  the  observer  intends  to  com- 
pare with  the  Nautical  Almanac,  otherwise  there  is  no  neces- 
sity) ;  because  the  refraction  at  such  an  altitude  affects  the 
lower  border  (or  limb)  more  than  the  upper,  so  as  to  make  his 
perpendicular  diameter  appear  less  than  his  horizontal  one, 

*  When  reading  oS  the  arc  of  excess,  the  remEer  must  be  read  backwards, 
or  from  its  contrary  end. 
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wUcb  is  that  ^ven  in  the  Naatical  Almanac :  in  this  case  the 
sextant  must  be  held  hOTizontally. 

To  make  the  Line  of  Collimation  of  the  Telescope  parallel  to 
the  JPiane  of  the  Sextant. 

Thb  is  known  to  be  correct,  when  the  Sun  and  Moon, 
having  it  distance  of  90"  or  more,  are  brought  into  contact 
just  at  the  wire  of  the  telescope  which  is  nearest  the  plane  of 
the  sextant,  fixing  the  index,  and  altering  the  position  of  the 
instrument  to  make  the  objects  appear  on  the  other  wire ;  if 
the  contact  stOl  remains  perfect,  the  axis  of  the  telescope  is  in 
proper  adjustment;  if  not,  it  most  be  altered  by  moving  the 
two  screws  which  fasten,  to  the  up-and-down  piece,  the  collar 
into  which  the  telescope  screws.  This  adjustment  is  not  very 
liable  to  be  deranged. 

Having  now  gone  through  the  principle  and  construclion  of 
the  sextant,  it  remains  to  g^ve  some  instructions  as  to  the  man- 
ner of  using  it. 

It  is  evident  that  the  plane  of  the  instrument  must  be  held 
in  the  plane  of  the  two  objects,  the  angular  distance  of  which 
is  required:  in  a  vertical  plane,  therefore,  when  altitudes  are 
measured ;  in  a  horizontal  or  oblique  plane,  when  horizontal  or 
oblique  angles  are  to  be  taken.  As  this  adjustment  of  the 
plane  of  the  instrument  is  rather  difficult  and  troublesome  to 
the  beginner,  he  need  not  be  surprised  nor  discouraged, 
althoogh  his  first  attempts  may  not  answer  his  expectations. 
The  sextant  must  be  held  in  the  right  hand,  and  as  slack  as  is 
consistent  with  its  safety,  for  in  grasping  it  too  hard  the  hand 
is  apt  to  be  rendered  unsteady. 

When  the  altitude  of  an  object,  the  sun  for  instance,  is  to 
be  observed,  the  observer,  having  the  sea  horizon  before  him, 
must  turn  down  one  or  more  of  the  dark  glasses,  or  shades, 
according  to  the  brilliancy  of  the  object;  and  directing  his 
sight  to  that  part  of  the  horizon  immediately  beneath  the  sun, 
and  holding  the  instrument  vertically,  he  must  with  the  left 
hand  lightly  slide  the  index  forward,  until  the  image  of  the 
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.son,  reflected  &om  the  index-glass,  appears  in  contact  with  the 
horizon^  seen  throagh  the  unsilvered  part  of  the  faorizon-^Iass. 
Then  clamp  it  firm,  and  gently  torn  the  tangent-screw,  to  make 
the  contact  of  the  upper  or  lower  limb  of  the  snn  and  the  hori- 
zon perfect,  when  it  wiD  appear  a  tangent  to  his  circular  disc* 
If  an  artificial  horizon  is  employed,  the  two  images  of  the  sun 
must  be  brought  into  contact  with  each  other ;  but  this  will  be 
explained  when  speaking  of  that  instmment  To  the  angle 
read  ofif  apply  the  index  error,  and  then  add  or  subtract  the 
sun's  semi-diameter,  as  given  in  the  Nautical  Almanac,  accord- 
ing as  the  lower  or  upper  limb  is  observed,  to  obtain  the 
apparent  altitude  of  the  sun's  centre.  Before  we  can  use  this 
obserration  for  determining  the  time,  the  latitude,  &c.,  it  must 
be  further  corrected  for  refraction  and  parallax,  to  obt^n  the 
true  altitude,  subtracting  the  former  and  adding  the  latter ; 
and  when  the  sea  hoiizon  is  employed,  a  quantity  must  also  be 
subtracted  for  the  dip,  which  is  unnecessary  when  the  altitude 
is  taken  by  means  of  an  artificial  hoiizon. 

Example.  "      '      " 

Obs.  alt  ofthe  Bun's  lower  limb,  =    61     13     5 

Index  error, ^    —  \'j 

Apparent  altitude, =    61     12   48,    0 

i  semi-diameter, =    +    15   46,    9 

parallax,    ^4*      0     4,    0 

Refraction, , —34",  4")  61    28   38,    9 

Dip  of  the  horizon,  for  an  1     —  4  s  n  t   ^°  ~       ^   ^^*    '* 

elevation  of  18  feet,  ...  /  '    }  

True  altitude  of  the  sun's  centre,           ...  =  61    24      1,    5 

*  If  the  observer  knows  his  latilnde  approiimatclj,  he  may  find  the  meri- 
dional sltituda  nearly,  to  which  he  may  previoasly  set  his  instrument  ;  when 
he  will  not  only  find  his  object  more  easily,  but  have  only  a  small  quantity  to 
moTe  the  index  to  perfect  the  observation. 

Take  from  the  Nautical  Almanac  the  declination  of  (he  object,  and  if  it  be 
of  the  same  name  with  the  latitude,  add  it  to  the  cc-Iatitude  ;  if  of  a  different 
name,  subtract  it ;  the  sum  or  difi^rence  will  be  the  meridian  altitude. 

t  An  obserraUon  of  >  star  requires  no  correction  for  either  parallax  or 
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If  the  ob8ervrar  is  igEorant  of.  the  precise  moment  of  the 
object's  being  on  tlie  meridian,  he  should,  by  a  slow  and 
gradual  motion  <^  the  tangent-screw,  kee^  tJie  observed  limb 
in  contact  with  the  hotmm  as  long  as  it  continnea  to  rise ;  and 
immediately  on  the  altitudes  spearing  to  diminish,  cease  &om 
observii^,  and  the  angle  then  read  on  the  instrument  Tvill  bci 
the  meridian  altituda 

The  angular  distances  of  terrestrial  objects  are  measured  by 
the  sextant  in  the  same  manner  as  those  of  celestial  ones ;  btit 
if  the  objects  are  not  in  the  same  horizontal  plane,  a  r^ecting 
instrument  will  not  give  th^  horizontal  angular  distance. 
But  this  may  be  obtained  hearly  by  measuring  their  angulai' 
distances  from  an  object  in  or  near  the  horiztm,  which  subtends 
a  great  angle  with  both,  and  the  sum,  or  the  difference  of  the 
angles  so  measured,  will  be  nearly  the  reqiured  horizontal  angla 
Of  the  sextant,  it  has  been  said,  that  it  is  in  itself  a  portable 
observatory ;  and  it  is  doubtless  one  of  the  most  generally  use- 
ful instruments  that  has  ever  been  contrived,  being  capable  of 
furnishing  dilta  to  a  considerable  degree  of  accuracy  for  the 
solution  of  a  numeroos  class  of  the  most  useful  astronomical 
J>roblem8 ;  affording  the  means  of  determining  the  time,  the 
latitude  and  longitude  of  a  plac^  &c.,  for  which,  and  many 
otiier  purposes,  it  is  invaluable  to  the  Surveyor., 

On  the  AaxtFicuii  Hobizon. 
When  the  altitude  of  a  celestial  object  is  to  be  taken  at  sea, 
the  observer  has  the  natural  (or  sea)  horizon,  as  a  line  of 
departure ;  but  on  shwe,  he  is  obliged  to  have  recourse  to  an 
artificial  one  to  which  his  observations  may  be  referred :  this 
consists  of  a  r^ecting  plane  parallel  to  the  natural  horisnon,  on 
which  the  rays  of  the  sun  or  other  object  falling,  are  reflected 
back  to  an  eye  placed  in  a  proper  position  to  receive  them ; 
the  angle  b^iween  the  real  object,  and  its  rejected  image  being 
then  measured  with  the  sextant,  is  double  the  altitude  of  the 
objeet  above  the  horizontal  plane. 
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Various  natural  as  well  as  artificial  reflecffilg  surfaces  have 
been  made  by  mechanical  arrangements,  to  afford  the  means 
of  ohtaiziiDg  doable  angles:  snch  as  pouring  water,  oil,  treacle, 
or  otlier  fluid  substances  into  a  shallow  vessel;  and  to  prevent 
the  wind  giving  a  tremulous  motion  to  its  surface,  a  piece  of 
thin  gauze,  talc,  or  plate-glass,  whose  surfaces  are  perfectly 
plane  and  parallel,  may  be  placed  over  it,  when  used  for  obser- 
vation. But  the  most  accurate  kind  of  artificial  horizon  is 
that  in  which  fluid  c|uicksilver  forms  the  reflecting  snrlace,  the 
containing  vessel  being  placed  on  a  solid  basis,  and  protected 
from  the  influence  of  the  wind.  The  adjoining  figure  repre- 
sents an  instrument  of  this  kind.  The 
mercuiy  is  cont^ed  in  an  oblong  wooden 
trough,  placed  under  the  roof  A,  in  which 
are  fixed  two  plates  of  glass  whose  surfaces  ] 
are  plane  and  parallel  to  each  other.  This 
roof  efiectually  screens  the  surface  of  the  metal  from  being 
agitated  by  the  wind,  and  when  it  has  its  position  reversed  at 
a  second  observation,  any  error  occasioned  by  undue  refrac- 
tion at  ei^er  plate  of  glass  will  be  corrected. 

Another  and  more  portable  contrivance  for  an  artificial 
horizon,  is  represented  in  the  following  figure,  which  consists 
of  a  circular  plate  of  black  glass  about  two  inches  diameter, 
mounted  on  a  brass  stand,  half  an  inch 
deep,  with  three  foot-screws,  a,  b,  e,  to  set 
the  plane  horizontal ;  the  borizontality  being 
determined  thus  by  the  aid  of  a  short  spirit- 
level,  d,  having  nnder  the  tube  a  face 
ground  plane  on  which  it  lies  in  contact 
with  the  reflecting  sur&ce  ;  place  the  level 
on  the  glass  in  a  direction  parallel  to  the 
line  jinning  two  of  the  three  foot-screws,  as  a  and  b,  tlien  move 
one  of  these  screws  till  the  bubble  remains  in  Uie  middle  of 
the  tube  in  both  the  reversed  positions  of  tlie  level,  and  the 
plate  will  be  horizontal  in  that  direction;  then  place  the  level 
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at  right  angles  to  its  former  position,  and  torn  the  third  foot- 
screw  back  or  forwards  till  the  bubble  again  settles  in  the 
middle  of  its  tube,  the  fotmer  levelling  renuuning  nndisturbed, 
and  the  plane  will  then  be  horizontaL  This  instrument,  from 
its  portability,  is  extremely  convenieDt  for  trayellers,  as  when 
packed  in  its  case,  it  can  be  carried  in  the  pocket  without . 
being  any  inctunbrance. 

When  an  artificial  horizon  is  used,  the  obseryer  moat  place 
himself  at  such  a  distance  that  he  may  see  the  reflected  object 
.  as  well  as  the  real  one ;  then  having  the  sextant  properly 
adjusted,  the  upper  or  lower  limb  of  the  sun's  image  (suppos- 
ing that  the  object)  reflected  from  the  index-glass,  must  be 
brought  into  contact  with  the  opposite  limb  of  the  image 
reflected  from  the  artificial  horizon,  observing  that  when  the 
inverting  telescope  is  used,  the  upper  limb  will  appear  aa  the 
lower,  and  vice  versd  ;*  the  sngle  shown  on  the  instrument, 
when  corrected  for  the  index  error,  will  be  double  the  altitude 
of  the  sun's  limb  above  the  horizraital  plane ;  to  the  half  of 
which,  if  the  semi-diameter,  refraction,  and  parallax  be  applied, 
the  result  will  be  the  true  altitode  of  the  centre. 

Example.         °        '         " 

Observed  angle, 122     25     50,00 

Index  error, «...       — 17,05 

2)  122     25     32,95 

App.  alt, 61     12     46,47 

Semidiameter,. +     U    46,91 

Parallax, _+ 4^ 

61     28     37,38 

Refraction, —  34,40 

True  alt  of  Sun's  centre,. ■       61     28       2,98 


*  When  ths  conUct  u  formed  at  tlie  lower  limb,  the  images  will  separate 
shortly  after  the  contact  bai  been  made,  if  the  altitode  be  iacreo^ing  ;  but  if 
the  altitude  be  decieMiDg,  they  will  begin  to  oyerlap  ;  but  when  tiie  contact 
ie  formed  at  the  upper  limb,  the  reveree  takea  place.  An  obaerrer,  if  in 
doubt  aa  to  which  limb  he  bas  been  obaerving,  should  watch  the  otiject  for  a 
ibort  time  after  he  has  made  the  obaervation.  ,  -~  t 

^.,,„,C.ooglc 


154 

We  will  conclude  tiua  Chapter  with  an  illastration  of  the 
method  of  observing  altitudes  with  an  artificial  horizon ;  and 
a  &w  lines  explanatory  of  Parallax  and  Re&action: 
Let  AB  represent 

the  sudace  of  the  '  ■-, 

quicksilver     con-  ^q 

tamed  in  a  wood- 
en trough,  whose  /  '■•,  /*\  J.,-^ 
plane  ia  continued         /                   ''•.y         \.    ■■'' 
to   C;   DEF,   the         /                 "    ^A:.             X" 

roof,  in  which  are     .^Ic Ta       m'"'-?--'"       »] 

fixed  two  plates  of  ^.- ' 

glass,  DE  and  EF,         \ 
whose  surfaces  are  \  y- ' 

plane  and  parallel  \    ,    .,' ' 

to  each  other:  and  »%<'' 

O  the  sun  at  S, 

whose  altitude  is  required.  Now  the  ray  SH,  proceeding  - 
&om  the  sun's  lower  timb  to  the  sur&ce  of  the  quicksilTer,  will 
he  reflected  thence  to  the  eye  in  the  direction  HG,  and  the 
upper  limb  of  the  snn's  image,  reflect«d  &om  the  quicksilver, 
will  appear  in  the  line  GH,  continued  to  R ;  and  it  is  a  well 
known  principle  in  catoptrics,  that  the  angle  of  incidence, 
SHA  or  SHC,  is  equal  to  the  angle  of  reflection,  GHB;  and 
as  the  angle  AHR,  or  CHB,  is  the  oppodte  angle  of  GHB,  it 
is,  therefore,  equal  to  it,  and  to  the  angle  SHC,  the  altitude  of 
the  snn's  lower  limb  above  the  horizontal  plane:  so  that,  if  we 
suppose  the  angle  SHR,  measured  by  a  sextant,  to  be  SO",  the 
altitude  of  the  eim's  lower  limb  will  be  40°,  subject  to  the  cor- 
rections, as  above. 

In  the  example  given  of  observing  an  altitude  of  the  sun,  its 
semi-diameter  is  added.  The  apparent  diameter  of  the  jsun, 
moon.  Sec,  is  the  angle  under  which  they  appear  to  an  observer 
situated  on  the  earth ;  the  amount  of  which  depends  upon  the 
real  magnitude  of  the  object,  and  its  distance  from  the  observer. 
The  sun's  semi-diameter  is  given  in  the  Nantical  Almanac 
Its  mean  semi-diameter  is  16',  which  is  the  quantity  naed,  ifi 
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common  practice,  as  it  never  varies  more  than  half  a  minute 
from  that  aiuonDt 

The  sitnation  of  a  celestial  body,  when  viewed  from 
the  surface  of  the  earth,  is  called  its  apparent  place,  and 
that  part  of  the  heavens  where  it  would  be  seen,  if  ob- 
served at  the  same  time  from  the  centre  of  the  earth,  is 
called  its  true  place.  The  difference  between  the  true  and 
apparent  places  is  termed  the  Parallax  of  the  object.  The 
parallax  of  an  object  is  greatest  at  the  horizon,  and  gradually 
diminishes  as  the  body  rises  above  the  horizon,  xmtil  it  comes 
to  the  zenith,  where  the  parallax  vanishes.  It  is  evident  that 
the  altitude  of  an  object  seen  from  the  earth's  surface,  is  less 
than  it  would  be  if  seen  from  the  centre :  hence,  the  parallax  is 
to  be  added  to  the  apparent  altitude,  in  order  to  obtain  the  tnie 
altitude.     The  snn's  mean  horizontal  parallax  is  8  j". 

The  third  correction  for  an  altitude  of  the  sun,  b  on  account 
of  Rejraction.  The  rays  of  light  which  proceed  from  a  celes- 
tial body,  on  entering  the  atmosphere  in  an  oblique  direction 
are  bent  out  of  their  rectilinear  conrse,  and  incline  more 
and  more  towarda  the  centre  of  the  earth  as  they  pass  deeper 
into  the.  atmosphere,  and  hence  enter  the  eye  of  an  observer 
in  a  different  direction  from  that  of  the  object,  and  make  it 
appear  higher  than  its  real  place.  And  the  difference  between 
the  real  and  apparent  places  of  the  heavenly  bodies,  as 
affected  by  the  passage  of  the  rays  of  light  through  the 
atmosphere,  is  called  the  RefracUon  of  the  object.  The  more 
obliquely  the  rays  enter  the  atmosphere,  the  more  they  will 
be  bent  out  of  their  rectilinear  course,  and  hence  the  greater 
the  refraption:  consequently,  refraction  is  greatest  at  the 
horizon,  and  ceases  at  tiie  zenkL  Refraction  is  always  to  be 
subtracted  from  the  apparent  altitude  of  an  object,  becanse 
lie  effect  of  refraction  is  to  cause  bodies  to  appear  higher  than 
they  really  are;  so  much  so,  that  the  sun,  stars,  &c  may 
actually  be  below  the  horizon,  when  they  appear  above  it. 
Tables  of  refraction  are  ^ven  in  the  Appendix. 
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CHAPTER  V. 


The  Spirit  Level. 


Cebtain  pai-ts  of  the  capital  instruments  ased  in  surveying 
and  in  astronomical  observations,  require  to  be  adjusted  in  truly 
horizontal  positions ;  and,  to  arrive  at  this  adjustment,  one  or 
more  subsidiary  instruments,  called  spirit  levels,  are  attached 
to  such  principal  instruments.  The  spirit  level,  attached  to  a 
good  telescope,  furnished  with  a  compass,  and  such  means  of 
correct  adjustment,  as  we  shall  presently  describe,  becomes 
also  itself  a  capital  instrument,  being  used  in  that  department 
of  surveying,  termed  levelling,  which  consists  in  measuring  the 
vertical  distances  between  various  stations. 

The  spirit  level  consists  of  a  glass  tube,  differing  from  the 
cylindrical  form  by  having  its  diameter  largest  in  the  middle, 
and  decreasing  slightly  and  with  great  regularity  from  the 
middle  to  the  ends.  The  tube  is  nearly  but  not  quite  filled 
with  spirits  of  wine,  thns  leaving  in  it  a  bubble  of  air,  which  rises 
to  the  highest  part  of  the '  tube,  so  as  to  have  its  two  ends 
equally  distant  from  the  middle,  when  the  instrument  is  in 
adjustment  The  tube  is  generally  fitted  into  another  tube  of 
metal,  and  attached  to  a  frame  terminating  in  angular  bear- 
ings, by  which  the  level  can  either  be  suspended  from,  or  else 
be  stood  upon,  cylindrical  pivots.  When,  however,  the  level 
forms  a  permanent  part  of  any  instrument,  the  manner  of 
attaching  it  is  modified  to  suit  the  particular  form  of  the  in- 
strument to  which  it  is  attached.  A  small  and  accurately 
divided  scale  is  attached  to  the  best  instruments,  or  other- 
wise a  scale  is  scratched  upon  the  glass  tube  itself. 
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The  annexed  figure  is  a  representation  of  each  a  level  as  is 
used  for  levelling  the  axis  of  the  best  astronomical  instru- 
ments. It  is  provided  with  a  fixed  scale,  seen  in  the  figure, 
and  is  suBpended  hy  means  of  accurately  constructed  angular 

bearings. 
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The  following  criteria  of  a  good  level  are  extracted  from 
Dr.  Pearson's  valuable  work  on  Practical  Astronomy. 

"  1st.  The  bubble  must  be  long  enough,  compared  with 
the  whole  tube  to  admit  of  quick  displacement,  and  yet  not 
too  long  to  admit  of  its  proper  elongation  by  low  temperature. 

"  2nd.  The  curve  must  be  such,  that  the  sensibility  and 
uniform  run  of  the  bubble  will  indicate  quantities  sufficiently 
minute,  while  those  quantities  correspond  exactly  to  the 
changes  of  inclination,  as  read  on  the  graduated  limb  of  the 
instrument  of  which  it  forms  a  part. 

"  3rd-  The  bubble  must  keep  its  station  when  the  angles 
_are  moved  a  little  round  the  pivote  of  suspension. 

"  4th.  The  opposite  ends  of  the  bubble  must  vary  alike 
in  all  changes  of  temperature,  or,  in  other  words,  the  ends  of 
the  bubble  must  elongate  or  contract  alike  in  opposite  direc- 
tions, so  that  the  middle  point  may  always  be  stationary. 

"  5th.  The  angles  of  the  metallic  end-pieces  must  be  so 
nicely  adjusted,  that  reversion  on  horizontal  pivots  that  are 
equal,  will  not  alter  the  place  of  the  bubble. 

"  6th.  The  dbtance  between  the  two  zeros  of  a  fixed  scale, 
when  such  a  graduated  scale  is  used,  should  be  equal  to  the 
length  of  the  bubble  at  the  temperature  of  60°  of  Fahrenheit's 
scale,  and  should  be  marked  at  equal  distances  irom  the 
visible  ends  of  the  glass  tube.     Then,  as  the  bubble  lengthens 
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hy  cold,  or  shortens  by  beat,  its  extreme  ends  may  always  be 
referred  to  these  fixed  marks,  0,  0,  on  the  scal^  and  will  fall 
either  within,  upon,  or  beyond  them,  according  to  the  existing 
temperature.  The  number  of  subdivisions  of  the  scale  that 
each  end  of  the  bubble  is  standing  at,  counted  from  the  fixed 
zero  marks,  at  the  instant  of  finishing  an  observation,  must 
always  be  noted,  that  an  allowance  may  be  made  for  the  value 
(^  the  deviation  in  seconds,  or  as  the  case  may  require. 

"  7th.  Wlien  the  two  ends  of  the  bubble  are  not  alike 
afiected  by  a  change  of  temperature,  the  scale  should  be  de- 
tached, and  adjustable  to  the  new  zero  points,  by  an  mversion 
of  the  leveL 

"  8th.  When  the  scale  has  only  one  zero  at  its  centre, 
which  is  a  mode  of  dividing  the  least  liable  to  misapprehen- 
sion, the  positions  most  be  reversed  at  each  observation,  and 
both  ends  of  the  bubble  read  in  each  position ;  for  in  this 
case,  if  any  change  has  taken  place  in  the  true  position  of 
this  zero,  the  resulting  ^ror  will  mei^  in  the  reduction  of 
the  observatJon." 

We  proceed  now  to  the  description  of  the  most  accurate  in- 
stnunents  £oT  measuring  the  differences  of  level,  or  vertical 
distances,  between  difierent  stations. 

Of  spirit  levels  for  this  purpose  there  are  now  three  in  me, 
namely,  the  Y  level,  Troughton'a  improved  level,  and  Gra- 
vatt's  level. 

The  figure  on  the  next  page  represents  the  Y  level.  A, 
is  an  achromatic  telescope,  resting  upon  two  supporters,  which 
in  shape  resemble  the  letter  Y,  and  are  consequently  c^ed  the 
Ys.  The  lower  ends  of  these  supporters  are  let  perpendicu- 
larly into  a  strong  bar,  which  carries  a  compass  box,  C.  This 
compass  box  is  convenient  for  taking  bearings,  and  has  a  con- 
trivance for  throwing  the  needle  off  its  centre,  when  not  in 
use.  One  of  the  Y  supporters  is  fitted  into  a  socket,  and  can 
be  raised  or  lowered  by  the  screw  B. 

Beneath  the  compass  box,  which '  is  generally  in  one  piece 

with  the  bar,  is  a  conical  axis  passing  through  the  upper  of 
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two  parallel  plates,  and  terminating  in  a  ball  enpported  in  a 
socket  Immediately  above  this  upper  parallel  plate  is  a 
collar,  which  can  be  made  to  embrace  tiie  conical  axis  tJghtlj 
by  taming  the  clamping  screw  K,  and  a  slow  horizontal  mo- 
tion may  then  be  given  to  the  instrument  by  means  of  tlie 
tangent  screw  D.  The  two  parallel  plates  are  connected  to- 
gether by  the  ball  and  socket  already  mentioned,  and  are  set 
firm  by  four  miU-headed  screws,  Vhich  torn  in  sockets  fixed 
to  the  lower  plate,  while  their  heads  press  against  the  under 
side  of  the  upper  plate,  and  thus  serve  the  purpose  of  setting 
the  instrument  np  truly  level. 

Beneath  the  lower  parallel  plate  is  a  female  screw,  adapted 
to  the  staff-head,  which  is  connected  by  brass  joints  with  three 
mahogany  1^,  so  constructed,  as  to  shut  together,  and  form 
one  round  staff,  a  very  convenient  form  for  portability,  and, 
when  opened  out,  to  make  a  firm  stand,  be  the  ground  ever 


The  spirit  level  /  /  is  fixed  to  the  telescope  by  a  joint  at 
one  end,  and  a  capstan-headed.acrew  at  the  other,  to  raise  or 
depress  it  for  adjustment.  /  -  -,  -» -jl  > 
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In  looking  through  a  telescope  a  considerable  field  of  view- 
is  embraced ;  but  the  measurements  indicated  bj  any  in  Htm  - 
ment,  of  which  the  telescope  may  form  a  part,  will  only  have 
ref^^nce  to  one  particular  point  in  this  field  of  view,  which 
particular  point  is  considered  as  the  centre  of  this  field  of 
view.  We  most  therdi:a%  place  some  fined  point  in  the  field 
of  view,  and  in  libe  focus  of  the  eye-piece,  and  tlie  point  to 
which  the  measurement  will  have  reference  will  be  that  point 
of  the  object  viewed,  which  appears  to  be  coincident  with  this 
fixed  point,  or  which,  as  the  technical  phrase  is,  is  bisected  by 
the  fixed  point 

The  intersection  of  two  fixed  lines  will  furnish  us  with 
such  a  fixed  point,  and  consequently  two  lines  of  spider's  web 
are  fixed  at  right  angles  to  each  other  in  the  focus  of  the 
eye-piece.  They  are  attached  by  a  little  gum  to  a  brass  ring 
of  smaller  dimensions  than  the  tube  of  the  tel^cope,  and  which 
is  fixed  to  the  tube  by  four  small 
screws,  a,  h,c,d.  If  the  screw,  d, 
be  eased,  while  at  the  same  time  c 
is  tightened,  the  ring  will  be 
moved  to  the  right  j  but,  if  c  be 
eased  and  d  tightened,  the  ring 
will  be  moved  to  the  left ;  and  in 
a  like  manner  it  may  be  moved  up 
or  down  by  means  of  the  screws 
a  and  b. 

When  the  iostroment  is  in  adjustment,  the  axis  of  the  tube 
of  the  telescope  is  set  truly  horizontal  by  means  of  the  level 
beneath  it,  and  the  line  of  observatioa  ought  consequently  to 
be  parallel  to  this  axis.  Let  A  represent  the  proper  posititot 
of  the  intersection  of  the  cross 
wu%s,  and  OA,  the  direction 
of  the  axis  of  a  pencil  of  light 
passing  through  the  object- 
glass  and  coming  to  its  focus  at  A.  Then,  the  axis  of  the 
tube  of  the  telescope  being  set  truly  horizontal,  the  line  AO- 
is  also  truly  horizontal,  and  every  point  bisected  by  the  inter- 


section  of  the  cross-wires  will  be  situated  on  the  prolongation 
of  the  horizontal  line  AO. 

Suppose  now  the  position  of  tiie  diaphragm  carrying  thecross- 
wires  to  have  become  deranged,  so  that  the  point  of  inter- 
section is  moved  to  B,  then  every  point  bisected  by  the  inter- 
section of  the  cross-wires  will  be  on  the  prolongation  of  the 
line  BO,  and  will  consequently  be  below  the  true  level  point 
on  the  line  AO. 

Let  now  the  telescope  be  turned  half  round  in  the  Yb,  and 
let  the  annexed  figure  represent  it  in  its  new  position ;  then, 
in  this  new  position  of  the 

telescope,  the  prolongation  

of  the  line  BO  will  rise  above 
the  prolongation  of  the  level 
line  AO,  and,  at  the  same  distance  from  the  telescope,  tlie 
point  now  bisected  by  the  intersection  of  the  cross-wires  will  be 
as  much  above  the  true  level  point  on  the  line  AO  as  the  point 
before  bisected  by  them  was  below  it  The  true  level  point  is 
therefore  midway  between  the  two  points  observed  in  the  two 
positions  of  the  telescope,  and  the  diaphragm  carrying  the 
cross-wires  is  to  be  moved  by  means  of  the  screws  a,  h,  c,  d, 
till  their  point  of  interseclaon  coinddes  with  that  true 
level  point  The  telescope  is  then  to  be  again  tnmed  round 
upon  the  Y's,  and,  if  the  same  point  be  still  bisected  by  the 
int^rseotion  of  the  cross-wires,  they  are  in  their  proper  posi- 
tion; bat,  if  not,  the  same  method  of  adjustment  must  be  re- 
peated, till  the  same  point  is  bisected  by  the  intersection  of  the 
cross-wires  in  every  position  of  the  telescope. 

-  This  error  of  derangement  has  a  technical  denomination. 
The  line  OA,  or  OB,  &om  O  to  tiie  point  of  intersection  of  the 
crces-wires,  is  called  the  Une  qfcolHmation,  and  the  error  arimng 
ftom  their  derangement,  which  we  have  shown  the  method 
of  detecting  and  correcting,  is  called  the  error  of  colhmatian. 

When  the  image  of  the  object  viewed,  formed  by  the  object- 
^ass,  either  falls  short  ofi",  or  beyond  the  place  of  the  cross- 
wires,  the  error  arising  from  this  cause  is  called  paraUax, 
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The  existence  of  parallax  is  determined  by  moving  the  eye 
about,  when  looking  through  the  telescope,  observing  whether 
the  cross-wires  change  their  position,  and  are  flittering  and 


To  ccarect  this  error,  first  adjnst  the  eye-piece,  by  means  of 
the  movable  eye-piece  tube,  till  you  can  perceive  the  cross-wire 
clearly  defined,  and  sharply  marked  against  any  white  object 

Then  by  moving  the  milled  head  screw  A,  at  the  side  of  the 
telescope,  the  internal  tube  a  is  throst  outwards  or  drawn  in- 
wards, until  you  obtain  the  proper  focus,  according  to  the  dis- 
tance of  the  object,  and  you  are  enabled  at  once  to  see  clearly  the 
object,  and  the  intersection  of  the  wires,  clearly  and  sharply 
defined,  before  it.  The  existence  of  parallax  is  very  incon- 
venient, and,  where  disregarded,  has  frequently  been  produc- 
tive of  serious  error.  It  will  not  always  be  found  sufficient  to 
set  the  eyeglass  first,  and  the  objectrglass  afterwards.  The 
setting  of  the  object-glass,  by  introducing  more  distant  rays  of 
light,  will  affect  the  focus  of  the  eye-glass,  and  produce  parallax 
or  indistinctness  of  the  wires,  when  tliere  was  none  before. 
The  eye-piece  must,  in  this  case,  be  adjusted  again. 

Generally,  when  once  set  for  the  day,  there  is  no  occa^on 
for  altering  the  eye-glass,  but  the  object-glass  will  of  course 
have  to  be  altered  at  every  change  of  distance  of  the  object. 

In  adjusting  the  instrument,  the  parallax  should  be  first 
corrected,  and  then  the  error  of  collimation.  The  line  of 
collimation  being  thus  brought  to  coincide  with  the  axis  of  the 
tube  of  the  telescope,  two  further  adjustments  are  necessary: 
the  first  to  adjust  the  bubble  tube,  so  that  it  may  truly  indicate 
when  the  axis  of  the  telescope  is  horizontal ;  and  the  second  to 
set  the  axis  of  the  telescope  perpendicular  to  the  vertical  axis 
round  which  the  instrument  turns. 

To  adjust  the  Bubble  Tube. — ^Move  the  telescope  till  it  lies 
in  the  direction  of  two  of  the  parallel  plate  screws,  and  by 
giving  motion  to  these  screws  bring  the  air  bubble  to  the 
centre  of  its  run.  Now  reverse  the  telescope  carefully  in  the 
Vs,  that  is,  torn  tt  end  for  end,  and  should  the  bubble  not 
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setde  at  the  same  point  of  the  tulM  as  before,  it  shows  that 
the  bnbble  tube  b  oat  of  adjnstment,  and  requires  coirectiiig. 
The  end  to  which  the  bubble  retires  most  then  be  noticed, 
and  the  bubble  made  to  return  one-half  the  (Stance  bj  turn- 
ing the  parallel  plate  screws,  and  the  other  half  bytaming 
the  capstan-headed  screw  at  the  end  of  the  babble  tube.  The 
telescope  must  now  again  be  reversed,  and  the  operation  be 
repeated,  until  the  babble  settles  at  the  same  ptmit  of  the 
tube,  in  the  centre  of  its  run,  in  both  portions  of  the  instru- 
ment. The  adjustment  is  then  perfect,  and  the  clips  which 
serve  to  confine  the  telescope  in  the  Yb  should  be  made  fast 

Lastly,  to  sa  the  Axis  of  the  Telescope  perpendicular  to  the 
Vertical  Axis  round  which  the  ^strumeat  turns. — Place  the 
telescope  over  two  of  the  parallel  plate  screws,  and  move  them, 
unscrewing  one  while  screwing  up  the  other,  until  the  bubble 
of  the  level  settles  in  the  centre  of  its  run ;  then  turn  the 
instrument  half  round  upon  the  vertical  asis,  so  that  the  con- 
trary ends  of  the  telescope  may  be  over  the  same  two  screws, 
and,  if  the  babble  does  not  ag^  settle  at  the  same  point  as 
before,  half  the  error  mast  be  corrected  by  taming  the  screw 
6,  and  the  other  half  by  turning  the  two  parallel  plate  screws, 
over  which  the  telescope  is  placed.  Xext  turn  the  telescope 
a  quarter  round,  that  it  may  lie  over  the  other  two  screws, 
and  repeat  the  process  to  bring  these  two  screws  also  into 
adjustment;  and  when,  after  a  few  trials,  the  bubble  main- 
tains exactly  the  same  position  in  the  centre  of  its  run,  while 
the  telescope  is  turned  all  round  upon  the  axis,  this  axis  will 
be  truly  vertical,  and  the  axis  of  the  telescope,  being  hori- 
zontal by  reason  of  the  previous  adjustment  of  the  bubble 
tube,  will  be  perpendicular  to  that  vertical  axis,  and  remain 
truly  horizontal,  while  the  telescope  is  turned  completely  round 
upon  the  staves.     The  adjustment  is  therefore  perfect. 

The  object  of  the  above  adjustments  is  to  make  the  line  of 
collimation  move  round  in  a  horizontal  plane,  when  the  in- 
strument is  turned  round  its  vertical  axis,  and  the  methods 
above  explabed  suppose  that  the  telescope  itself  is  constructed 
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with  the  utmost  perfection,  so  that  the  axis  of  the  tube  carry- 
ing the  object-glass  is  always  in  the  same  straight  line  widi 
the  axis  of  the  main  tube,  which  carries  the  diaphragm  with  the 
cross-wires.  If  this  perfection  in  the  constnicti(Hi  of  the  in- 
stmrnent  does  not  exist,  the  line  of  collimatton  will  vary,  as 
the  tnbe  carrying  the  object-glass  is  thmst  out,  and  drawn  in, 
to  adjust  the  fijcus  for  objects  of  diflferent  distances.  What  ia 
really  required,  then,  is  that  the  cross-wires  be  so  adjusted 
that  the  line  of  collimation  may  be  in  the  same  str^ht  line 
with  the  line  in  which  the  centre  of  the  object-glass  is  moved, 
and  that  the  bubble  of  the  level  be  at  the  centre  of  its  mn, 
when  this  line  of  collimation  is  directed  to  view  objects,  at 
the  same  level,  or  at  the  same  distance  from  the  centre  of  the 
earth. 

We  are  indebted  to  Mr.  Gravatt,  of  whose  level  we  shall 
hereafter  speak,  for  a  method  of  coUimating,  which  satisfies 
the  above  requirements,  and  removes  any  error  ari^ng  &om 
imperfection  in  the  slide  of  the  telescope,  while  at  the  same 
time  the  line  of  collimation  is  set  with  the  end  at  the  object- 
glass,  slightly  depressed,  instead  of  exactly  horizontal,  so  as 
to  remove  or  nearly  so,  the  errors  arising  &om  the  curvature 
of  the  earth,  and  the  horizontal  re&actiou. 

To  examine  and  correct  the  ColUmaihn  by  Mr.  Gravatts 
Method. — "  On  a  tolerably  level  piece  of  ground  drive  in 
three  states  at  intervals  of  about  four  or  five  Chains,  calling 
the  first  stake  a,  the  second  b,  and  the  third  c, 

"  Place  the  instrument  half  way  between  the  stakes  a  and 
b,  and  read  the  staff  A,  placed  on  the  stake  a,  and  also  the 
staff  B,  placed  on  the  stake  b;  call  the  two  readings  A'  and  B' ; 
then,  although  the  instrument  be  out  of  adjustment,"  yet  the 
points  read  off  will  be  equidistant  from  the  earth's  centre,  and 
consequently  leveL 

*  Tbe  ftzis  of  the  inatnunent  ia  to  be  set  rertical  hy  meMU  of  the  parallel 
plate  screws,  bj  placing  the  telescope  over  each  pair  alternaCelj,  and  moving 
them,  until  tbe  air  babble  remains  in  the  game  poutioD,  when  tbe  iiutriiineiit 
is  totned  half  round  npoQ  its  axil. 
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"  Now  remove  the  mstrament  to  a  point  balf-wa;  between 
b  and  c.  Again  read  off  the  staff  B,  and  read  also  a  staff 
placed  on  the  stake  c,  which  call  staff  C  (the  one  before  called 
A  being  removed  into  that  aitnation).  Now,  by  adding  the 
difference  of  the  readings  on  B  (with  its  proper  sign)  to  the 
reading  (xa.  C,  we  get  three  points,  say  A',  B',  and  C,  equi- 
distant from  the  earth's  centre,  or  in  the  same  trae  leveL 

Place  the  instrument  at  any  short  distance,  say  half  a 
Chain  beyond  it,  and,  using  the  bubble  merely  to  see  that  you 
do  not  disturb  the  instrument,  read  all  three  staffs,  or  to  speak  , 
more  correctly,  get  a  reading  from  each  of  the  stakes,  a,  b,  c; 
call  these  three  readings  A",  B",  C".  Now,  if  the  stake  b  be 
half-way  between  a  and  c,*  theq  onght  C" — C  —  (A"  —  A' )  to 
be  equal  to  2[B'' — B' — (A" — ^A')];  but  if  not,  alter  the  screws 
which  adjust  tlie  diaphragm,  and  consequently  the  horizontal 
spider  line,  or  wire,  until  such  be  the  case;  and  then  the  in- 
strum^it  will  be  adjusted  ibr  collimation. 

"  To  adjtut  the  qiirit  bubble  without  removing  the  instru- 
ment, read  the  staff.  A,  say  it  reads  A"',  then  adding  (A'" —  A') 
with  its  proper  sign  to  B'  we  get  a  valne,  say  B.*" 

"  Adjust  the  instrument  by  means  of  the  parallel  plate 
screwsf)  to  read  B"  on  the  staff  B. 

"  Now,  by  the  screws  attached  to  the  bubble  tube,  bring 
the  bubble  into  the  centre  of  its  run. 

"  The  instrument  will  now  be  in  complete  practical  adjust- 
ment for  level,  curvature,  and  horizontal  refraction,  for  any 
distance  not  exceeding  ten  Chains,  the  miiTiniiirn  error  being 
only  Ts'^jith  of  a  foot" 

Before  making  observations  wiih  this  instrument,  the  ad- 
justments should  be  carelully  examined  and  rectified,  after 

*  VIiBtever  be  the  diatuices  between  the  stalces  a,  b,  and  c,  tha  ibllow- 
ing  proportions  on^t  to  hold,  vin.  : — 

The  diatwiee  from  a  :  S  :the  distanoeo  to  c::B'— ^--(A'— A')  :C— C 
-(A'-A'.) 

t  If  this  MljuBtiiieiit  be  mode  bj  the  screw  B,  inatetd  of  the  parallel 
plsle  acrewg,  the  line  of  eoUimatiou  will  be  brought  into  iU  proper  poiitioa 
with  respeet  to  the  Terticsl  azU. 
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which  the  screw  B  should  never  be  touched ;  bat  at  each  ata^ 
tjon  the  parallel  plate  screws  alone  should  be  used  for  setting 
the  axis  round  which  the  instrniaent  turns  truly  vertical,  when, 
in  consequence  of  the  adjustments  previously  made,  the  line 
of  collimation  will  be  truly  leveL  For  this  purpose  the  teles- 
cope must  be  placed  over  each  pair  of  the  parallel  plate  screws 
alternately,  and  they  must  be  moved  till  the  air  babble  settles 
in  the  middle  of  the  level,  and  the  operation  being  repeated 
till  the  telescope  can  be  turned  quite  round  upon  the  staff-head, 
without  any  change  taking  place  in  the  position  of  the  bubble, 
the  instrument  will  be  ready  to  read  off  the  graduations  upon 
the  levelling  staves,  which  we  proceed  to  describe. 

The  best  constructed  levelling  staff*  consists  of  three  parts, 
which  pack  together  for  carriage  in  a  neat  manner,  and,  when 
opened  out  for  use,  form  a.  staff  seventeen  feet  long,  jointed 
together  something  after  the  manner  of  a  fishing-rod.  The 
whole  length  is  divided  into  hundredths  of  a  foot  alternately 
coloiu:ed  black  and  white,  "and  occupying  half  the  breadth  of 
the  staff ;  but  for  distinctness  the  lines  denoting  tenths  of  feet 
are  continued  the  whole  breadth,  every  half  foot  or  five-tenths 
being  distinguished  by  a  conspicious  black  dot  on  each  side. 

In  all  work  where  great  accuracy  is  required,  the  Y  level, 
above  described,  is  preferable  to  either  of  the  others;  but  both 
Troughton's  level  and  Gravatt's  level  are  calculated  by  their 
lightness,  and  by  their  being  less  liable  to  derangement  when 
once  properly  adjusted,  to  get  rapidly  over  the  ground. 

In  this  level  the  telescope,  T,  rests  close  down  upon  the 
horizontal  bar,  b,  b,  the  spirit  level,  /,  /,  is  permanenfly  fixed  to 
the  top  of  the  telescope,  and  does  not,  therefore,  admit  of  ad- 
justment, and  the  compass  box,  C,  is  supported  over  the  level 
by  four  small  pillars  attached  to  the  horizontal  bar.  This 
construction  makes  the  instrument  very  firm  and  compact. 
The  staves,  staff-head,  and  parallel  plates  by  which  the  in- 
stmment  is  supported,  and  the  vertical  axis  upon  which  it 

*  This  staff  ffu  first  introduced  into  use  by  WiliUm  GnTfttt,  E«q. 
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turns,  axe  of  exactly  the  same  constmction  as  have  been 
already  described  as  used  for  supporting  the  Y  level 

The  diaphragm  is  Aimished  with  three  threads^  two  of 
them  vertical,  between  which  the  levelling  staff  may  he  seen, 
and  the  third,  horizontal,  ^ves  the  reading  of  the  staff  by  its 
coincidence  with  one  of  the  graduations  marked  upon  it.  Some- 
times a  pearl  micrometer-scale  is  fixed  on  the  diaphragm,  in- 
stead of  the  wires.  The  central  division  on  the  scale,  then, 
indicates  the  coUimating  point,  and  by  its  coincidence  with  a 
division  of  the  levelling  staff  gives  the  required  reading  of 
this  staff;  and  the  scale  serves  the  purpose  of  measuring  dis- 
tances approximately,  and  of  determining  stations  nearly  equi- 
distant from  the  instrument,  since  at  such  equal  distances  the 
staff  will  subtend  the  same  number  of  divisions  npon  the  mi- 
crometer-scale. 

In  selecting  a  level  of  Tronghton's  construction,  and  also  in 
testing  and  adjusting  the  collimation  Bub3eqnently,Mr.  Gr^vatt's 
method,  abready  described,  is  the  best  to  be  used ;  and,  when 
the  line  of  collimation  is  tiius  brought  into  adjustment,  if  the 
bubble  be  fer  from  the  centre  of  its  ran,  the  fault  can  only  be 
remedied  by  the  maker ;  but,  if  the  bubble  settle  very  nearly 

D„:,i.,.-iM,C00glc 


in  the  centre  of  its  mn,  the  instrument  may  be  deemed  a  good 
ime,  and,  the  divisions  on  the  glass  tube  which  coincide  with 
the  ends  of  the  bubble  being  noted,  tlie  infitmment  most  be 
set  np  for  nse  with  the  bubble  in  this  positioo. 

The  line  of  collimation  is  set  perpendicular  to  the  vertical 
axis,  in  the  same  nuinnw  as  iu  the  Y  levd,  by  means  of  the 
capstan  screws,-  B,  B,  the  bubble  being  made  to  maintain  the 
requisite  position,  as  above  determined,  while  the  intrument 
is  turned  completely  round  on  its  tads. 

Mb.  Gbavatt'b  Level. 

This  instrument  is  furnished  with  an  object>f  lass  of  hrga 

aperture  and  short  focal  length;  and,  sufScient  light  being 

thus  obtained  to  admit  of  a  higher  magniiying  power  in  the 

eye-piece,  the  advantages  of  a  much  larger  instrument  are 


obtained,  without  the  inconvenience  of  its  length.  The  dia- 
phragm is  carried  by  the  internal  tube  a,  a,  which  is  nearly 
equid  in  length  to  the  external  tube.  The  external  tube  T,  T,  is 
sprang  at  its  aperture,  and  gives  a  steady  and  even  motion  to 
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the  internal  tube  a,  a,  which  is  thmst  out,  and  drawn  in,  to 
adjust  the  focus  for  objects  at  different  distances  by  means  of 
the  nulled-headed  screw  A.  Tho  spirit  level  is  placed  above 
the  telescope,  and  attached  to  it  by  c^>stan-headed  screws, 
one  at  either  end,  by  means  of  which  the  bubble  can  be 
bronght  to  the  centre  of  its  run,  as  in  the  case  of  the  Y  level, 
when  the  line  of  collimation  is  brought  to  the  proper  level 
by  Mr.  Gravatt's  method  of  adjustment,  already  explained. 

The  telescope  is  attached  to  a  horizontal  bar  in  a  similar 
manner  to  Troughtoii's  level,  but  room  is  just  left  between 
the  telescope  and  the  bar  for  the  compass-box. 

A  cross  level,  k,  is  placed  upon  the  telescope  at  right  angles 
to  the  principal  level  I,  I,  by  which  we  are  enabled  to  set  the 
instnunent  up  at  once  with  the  axis  nearly  vertical.  A  mirror 
m,  mounted  npon  a  hinge-joint,  is  placed  at  the  end  of  the  level 
/,  /,  so  that  the  observer,  while  reading  the  staff,  can  at  the  same 
time  see  that  the  instrument  retains  its  proper  position — a 
precaution  by  no  means  unnecessary  in  windy  weather,  or  on 
bad  springy  gromid. 

The  telescope  is  attached  to  the  horizontal  bar  by  capstan- 
headed  screws,  B,  B,  as  in  Troughton's  level,  by  which  the  line 
of  collimation  is  set  perpendicular  to  the  vertical  axis;  and 
the  instnunent  is  set  up  upon  parallel  plates,  as  before  de^ 
scribed,  for  the  Y  leveL 


jM,Googlc 


CHAPTER  VI. 


The  Trahmt  Inbteument. 


RErLECTiNO  iiiBtniiiients,  firom  their  portability  and  the 
promptitudfl  and  facility  witli  which  they  may  be  iised  in  all 
utnations,  and  upon  all  occasions,  are  very  usefdl  instruments 
to  the  Surveyor.  The  Sextant  with  an  Artificial  horizon,  and  a 
good  chxomHneter,  forms  an  obserratory  of  itself,  with  which 
the  latitudes  and  longitudes  of  places  may  be  determined  to  a 
certain  degree  of  accuracy.  In  permanent  obserrationa  the 
capital  angular  instruments  are  placed  permanently  in  the 
plane  of  the  meridian,  and  the  measurements  sought  fnu*  by 
their  aid  are  the  exact  times  at  which  the  obserred  objects 
pasB  the  meridian,  and  their  angular  altitudes  or  zenith  dis- 
tances, when  upon  the  meridian.  The  instrument  with  which 
the  first  of  these  measurements  is  obtained,  is  called  a  tratuit 
intirument,  transit  telescope,  or  merely  a  trannL  Transits  of 
portable  dimen^ons,  besides  their  use  in  small  or  tempcorary  ob- 
Bervatories,  are  found  serviceable  to  the  Surveyor,  for  deter- 
mining, with  the  greatest  possible  accuracy,  the  true  north 
pomt,  and  thence  setting  out  a  line  in  any  required  direction. 
The  figure  in  the  next  page  represents  a  portable  transit, 

T,  'T  is  a  telescope  Ibrmed  of  two  parts,  connected  by  a 
spherical  centre-piece,  into  which  are  fitted  the  larger  ends  of 
two  cones,  the  common  axis  of  which  is  placed  at  right  angles 
to  the  axis  of  the  telescope,  to  serve  as  the  horizontal  axis  of 
the  instrument:  The  two  small  ends  of  these  cones  are  ground 
into  two  perfef:tly  equal  cylinders,  called  pivots.  The  pivots 
rest  upon  angular  bearings  or  Ta. 
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The  Ys  are  supported  upon  the  standards  E  and  W,  of  - 
which  E  may  be  called  the  eastern,  and  W  the  western  stand- 
ard ;  one  of  the  Ta  is  fixed  iu  a  horizontal  groove,  on  the 
western  standard,  so  that  by  meaoa  of  the  screw  S,  one  end  of 
the  axis  may  be  pushed  a  little  forwards  or  backwards,  and  a 
fonall  motion  in  azimath  be  thus  communicated  to  tlie  teles- 
cope.*   The  standards,  E  and  W,  are  fixed  by  screws  upon 

*  The  Urge  tmudta  in  pennftuent  ufaBetTBtiaiu  have  their  Y't  placed  in  two 
doTe-tailed  grooves,  one  hoiiiontU,  uid  the  other  vertiotL  By  means  of  the 
latter,  one  end  of  the  axi«  ma;  be  raited  or  depreMod  ;  but  in  the  portable 
trannt  the  Mune  ol^ect  ii  attuned  hj  tnming  one  of  the  foot  screws  npon 
which  theei 
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a  brass  circle,  O,  O,  and  steadied  by  oblique  braces,  B,  B, 
wbicb  spring  from  tbe  cross-piece,  C. 

On  one  end  of  the  axis  is  fixed,  so  as  to  revolve  with  the 
axis,  a  vertical  circle,  Y,  Y ;  and  a  double  index  bar,  furnished 
with  a  spirit  level  /,  /,  to  set  it  horizontal,  carries  two  verniers, 
R,  n,  adapted  to  the  vertical  circle,  and  shewing  the  angle  of 
elevation  of  the  telescope,  Tlie  index-bar  is  fixed  in  its  posi- 
tion by  the  clamping  screw,  C,  and  can  be  fixed  upon  either 
the  eastern  or  western  standard,  at  pleasure,  while  the  teles- 
cope, with  its  attached  circle,  can  also  be  lifted  out  of,  and 
have  its  position  reversed  in  the  Y's.  The  pivot  which  does 
not  carry  tlie  vertical  circle,  is  pierced,  and  allows  the  light 
from  a  lamp  to  fall  upon  a  plane  speculum,  fixed,  in  the 
spherical  centre-piece,  on  the  axis  of  the  telescope,  and  inclined 
to  this  axis  at  an  angle  of  45".  The  light  is  thus  thrown 
directly  down  the  telescope,  and  illuminates  the  wires  of  the 
diaphragm,  placed  in  the  principal  focus  of  the  telescope. 
Of  these  wires  one  is  horizontal ;  and  a  vertical  wire,  intersect- 
ing it  in  tbe  centre  of  the  field  of  view,  pves  by  its  intersection 
with  it,  the  collimating  point  There  are  then,  other  vertical 
wires  arranged  in  pairs  equi-distant  from  the  central  vertical 
wires,  so  that  we  have  either  three  or  five,  or  seven  vertical 
wires,  the  most  commou  number  being  five.  The  lamp  has  a 
contrivance  for  regulating  the  quantity  of  light  Oirown  into  the 
telescope,  by  taming  a  screw,  so  that  tbe  light  from  a  small  star 
may  not  be  overpowered  by  the  superior  light  of  tbe  lamp. 

The  requisites  of  a  good  instrument,  aror— Istiy,  that  the 
telescope  be  of  the  best  quality;  2ndly,  that  tlte  feet  screws  act 
well  and  remain  steady ;  Srdly,  that  all  the  screws,  by  which 
the  instrument  is  put  together,  are  tamed  home,  and  remain 
80,  afler  the  instrument  has  been  shaken  by  carriage;  4tiily, 
that  the  length  of  the  axis  be  just  sufficient  to  reach  froni 
one  Y  to  the  other,  without  either  friction  or  liberty ;  Sthly,  that 
the  lamp  he  held  bo  as  not  to  require  adjustment  for  position ; 
6thly,  that  the  screws  of  adjustment  of  the  diaphragm,  and  Y's, 
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be  competent  to  give  secmity  of  position  to  the  parts  adjusted 
by  them ;  7thly,  that  the  metallic  parts  be  free  from  flaws  in 
casting,  and  that  the  pivots  be  formed  of  hard  bell  metal  and 
incapable  of  rusting. 

The  principal  adjustments  of  the  Transit  are  three : 

lat.  To  make  the  axis  on  which  the  telescope  moves,  hori- 
zontal. 

2nd.  To  make  the  line  of  collimation  move  in  a  great  ver- 
tical circle,  by  setting  it  perpendicular  te  the  horizontal  axis. 

3rd.  To  make  it  move  in  that  vertical  circle,  which  is  the 
meridian. 

To  make  the  Axis  HorkontaL — Apply  to  the  pivots  the 
large  level,  L,L,  which  is  supplied  with  the  instrument  for 
this  purpose.  Bring  the  air  bubble  to  the  centre  of  its  run, 
by  turning  the  foot  screw,  /.  Turn  the  level  end  for  end, 
and  if  the  air  bubble  rettuns  its  position,  the  axis  is  horizontal, 
but,  if  not,  it  must  be  brought  back  half  by  the  foot  screw,  f, 
and  the  other  half  by  turning  the  small  screw  at  one  end  of  the 
level.  Itepeat  the  operation  till  the  bubble  retains  the  same  posi- 
tion in  both  positions  of  the  level,  and  the  axis  will  be  horizontal. 

To  a^utt  the  lAne  of  CoVimaiion  in  Admuth, — I&ect  the 
tdescope  to  some  distant,  small,  and  well-defined  object,  and 
bisect  it  by  one  extremity  of  the  middle  vertical  wire,  giving 
the  tolescope  die  azimuthal  motion  necessary  for  this  purpose 
by  turning  the  screw  S.  By  elevating  or  depressing  the  teles- 
cope, examine  whether  the  object  is  bisected  by  every  part 
of  the  middle  vertical  wire ;  and,  if  not,  loosen  the  screws 
which  hold  the  eye-end  of  the  telescope  in  its  place,  and  turn 
the  end  round  very  carrfully  tJll  the  error  is  removed.  Lift 
the  transit  off  the  Ts,  and  reverse  it,  so  that  the  end  of  the 
axis,  which  was  upon  the  eastern  Y,  may  now  be  upon  the 
western,  and  vice  vers&;  and,  If  the  object  is  still  bisected  by 
the  central  vertical  wire,  the  collimation  in  azimuth  is  per- 
fect ;  but,  if  not,  move  the  centre  of  the  cross-wires  half-way 
towards  the  object  by  turning  the  small  screws  which  hold  tlie 
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diq>Iiragm,  and  if  Uiis  half  distatice  has  been  correctly  estimat- 
ed, the  adjostment  will  be  acoompliBhed.  Again,  bisect  the 
object  by  the  centre  of  the  cross-wires  by  turning  the  azimuthc^ 
screw,  S,  and  repeat  the  operation,  till  the  object  is  bisected 
by  the  centre  of  ^e  cross-wires  in  both  positions  of  the  in- 
strument, and  the  adjustment  will  be  known  to  be  perfect* 

To  adjust  the  Transit  to  the  Meridian. — ^The  line  of  collinutr 
tion  by  reason  of  the  proTious  adjustment  describes  a  vertical 
circle,  and,  therefore,  bisects  the  zenith,  which  is  one  point  in 
the  meridian.  If,  then,  we  can  make  it  also  bisect  another 
point  in  the  meridian,  it  will  move  entirely  in  the  meridian. 
Compute  &om  the  tables  in  the  Nautical  Almanack,  the  time 
of  Polaris  coming  to  the  meridian,  and  at  the  computed  time 
bisect  the  star  by  the  middle  vertical  wire,  and  the  transit  will 
be  very  nearly  adjusted  to  the  meridian. 

To  make  the  great  vertical  circle  described  by  the  line  of 
collimation  more  nearly  coincident  with  the  meridian,  let  the 
intervals  between  the  succ^sive  passages  of  Polaris  across  the 
meridian  be  observed,  as  indicated  by  the  instrument.  Then, 
if  the  interval  between  the  inferior  and  superior  passage  be 
equal  to  the  interval  between  the  superior  and  infmor,  the 
adjustment  to  the  meridian  is  perfect;  but  if  the  interval 
between  the  inferico:  and  superior  passage  be  less  than  the  in- 
terval between  the  superior  and  inferior,  the  circle  described 
by  the  line  of  collimation  deviates  to  the  eastward  of  the  trae 
meridian,  &om  the  zenith  to  the  north  point  of  the  horizon,  and  to 
the  westward,  firom  the  zraiith  to  the  south  point  of  the  horizon ; 
while  if  the  interval  betwe^i  the  inferior  and  superior  passage 
be  the  greater,  the  deviation  is  in  the  contrary  directions. 

Let  S  be  the  observed  difference  of  the  intervals  from  twelve 
hours,  or  half  the  dif^rence  between  the  two  intervals  in 
seconds,  x  the  polar  distance  of  the  star  Polaris,  and  L  the 

*  The  koriiontkl  motion  ^Ten  to  the  Y,  hj  the  uimQthal  icrew  S,  fbnna, 
eridently,  no  port  of  the  R4]»"t''°s°t  ^of  eoUimatioD,  but  oolj  enablet  ns  to 
exunine  if  the  adjiutmciit  hu  b««n  made  nith  sufflcient  ezMtness. 
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latitude  of  the  place,  then,  Z  represeotuig  the  deTiati<ai  from 
the  meridian  in  time,  the  value  of  Z  will  be  ^ven  b^  the 
l<^aritbmic  fonnula. 

log.  Z  =  log.  -  +  log.  eec.  L  +  log.  tan.  r  —  20. 
Example. 
Place  of  observation,  near  Calcutta,  Latitude  22°  33'  01". 
Polar  distance  of  Polaris,  1°  39'  25''-05. 
Difference  of  intervals  from  12  hours  7"  22'  =  442". 

1  =  221 log.         —      2-3443923 

L=  22"  33'  01'    log.  sec  —  10-0345427 

^  =    !<■  39'  25''-05   ...  log.  tan,=     8-4613064 

Z==  6»*  922     log.         =.  20-8402414 

To  determine  the  value  of  a  revolution  of  the  azimuthal 
screw,  S,  the  time*  of  passage  of  an  equatorial  star  across  the 
middle  vertical  wire  most  be  noted  one  day;  and  then, turn- 
ing the  screw,  S,  once  round,  the  time  of  passive  must  be 
not«d  again ;  and  the  difference  of  these  times  will  be  the  value 
in  time  of  a  revolution  of  the  screw.  Suppose  the  difference 
thus  observed  to  amount  to  two  seconds,  then  the  value  of 
one  complete  revolution  of  the  screw,  S,  is  two  seconds,  and 
the  value  of  the  motion  of  the  adjusting  screw  being  thus  ob- 
tdned,  must  be  reduced  to  the  horizon,  by  increasing  it  in  the 
ratio  of  cosine  of  latitude  to  radius,  and  may  then  he  applied 
to  correct  the  error  of  deviation  as  found  above. 

A  second  method  founded  on  the  same  prindples  as  the 
preceding^  consists  in  observing  the  Pole  star,  and  another 
star,  which  crosses  tiie  meridian  near  the  zenith  of  the  place 
of  observation.  The  tame  of  passage  of  such  a  star,  Capella, 
for  instance,  when  near  its  superior  transit,  across  the  middle 
wire  of  the  teIescope>  will  differ  but  very  little  from  the  time 
of  passing  the  true  meridian,  if  the  deviation  of  the  instru- 

*  The  time  here  spoken  of,  Knd  throughout  the  deseripdon  of  this  in- 
■tmmeDt,  imleu  othirwiM  expreul;  itated,!!  aidereal,  and  not  meui  time. 
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sasat  £rom  the  meridian  be  bnt  small.  Assume  the  two 
times  to  agree  exactly,  and  the  difference  between  the  IJmes 
of  superior  transit  of  Capella  and  Polaris,  will  be  the  differ- 
ence of  the  observed  right  ascensions  of  these  two  stars. 
From  this  difEerence  subtract  the  difference  of  the  compute 
right  ascensions  of  the  two  stars,  and  call  the  result  D;  and 
the  deviation  will  be  given  by  the  formula. 

log.  Z  —  log.  D  +  log.  sin.  ir  +  log.  sec  (L  +  «■) 
X  being  the  polar  distance  of  Polaris,  and  L  the  latitude  of 
the  place  of  obaervatioo.  From  Capella  not  having  been  exactly 
on  the  meridian,  when  on  the  middle  vertical  wire,  the  value  of 
D,  as  above  obtained,  is  only  an  approximation  to  the  error  of 
the  observed  right  ascension  of  Polaris,  and  the  deviation  com- 
puted from  it  will  be  only  approximately  correct;  but,  by  repeat- 
ing the  operation,  the  adjustment  may  be  completely  perfected. 
D  is  actually  the  valne  of  the  sum  of  the  errors  of  the  ob- 
served right  ascensions  of  Capella  and  Polaris,  and  hence 
the  value  of  Z  will  be  correctly  given,  by  so  considering  it 
instead  of  supposing  aa  above,  that  this  error  for  Capella  is 

zero.     The  true  deviation  then  is  given  by  the  formula. 

log.  Z  =  log.  D  +  log.  aln.  a-  -^log-  Bill-  ir'  +  ^-  <»»m.  Cjt'  —  ir)  +Iog.  »eo.  L 
it'  being  the  polar  distance  of  Gap^hL 
Using  this  last  formula,  the  method  may  be  applied  to 

Polaris,  and  any  star  distant  from  the  pole,  or  to  any  two  stars 

difiering  from  each  other  not  less  than  40°  in  declination.    If 

however,  the  transit  of  one  star  is  obs^red  above,  and  of  the 

other,  below  the  pole,  the  Ibrmula  will  be 

1(«.  2  —  log.  D -I- log.  Mn.  X -1- log.  Bin.  »*  + 1(«.  COMC  («/ +  »)  +  log.  »ec.  L. 

Considerable  advantage  may  be  obtained  by  selecting  two 
stars,  that  differ  but  little  in  right  ascension,  as  there  is  then 
the  less  probabiHty  of  error  from  a  change  in  the  rate  of  the 
clock,  or  in  the  position  of  the  instrument,  on  which  account 
such  methods  are  to  be  preferred  in  temporary  observatories, 
where  the  stability  of  the  instrument  is  not  to  be  depended 
upon  for  any  length  of  time. 
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In  all  the  preceding  fonnolse,  die  deviation  from  the  me- 
ridian is  given  in  time;  bat,  to  convert  it  into  angular  measure 
if  desirable,  we  have  only  to  multiply  by  15,  and  the  seconds 
of  time  will  be  converted  into  seconds  of  a  degree. 

When  the  instrument  is  by  any  of  the  methods  explained 
above,  brought  into  the  meridian,  a  distant  mark  may  be  set 
tip  in  the  plane  of  the  meridian,  by  which  the  adjustment  to 
the  meridian  may  aAerwards  be  t^ted. 

Method  of  Obseevihg  with  thb  Transit. 

The  adjustments  having  been  completed,  in  making  obser- 
vations with  the  instrument,  the  instant  of  a  etar'a  passing 
the  middle  vertical  wire  will  be  the  time  of  the  star's  transit ; 
bnt  the  time  of  ^e  star's  passing  all  the  five  wires  most  be 
noted,  and  the  mean  of  the  times,  taken  as  the  time  of  transit, 
will  be  a  more  accurate  result  than  the  time  observed  at  the 
middle  wire  only. 

When  the  sun  is  the  object  observed,  the  time  of  the  centre 
of  his  disc  passing  the  middle  wire  ia  the  time  of  transit;  bnt, 
as  it  would  be  impossible  to  estimate  this  centre  with  accu- 
racy, Uie  time  of  both  his  limbs  coming  into  contact  with  each 
wire  in  snccession  is  to  be  noted,  and  a  mean  of  all,  these  times 
will  be  the  time  of  transit  required.  This  mean  may  be  con- 
veniently taken,  by  writing  the  observed  times  of  contact  of  the 
first  and  second  limbs  underneath  each  other  in  the  reverse 
order,  when  the  sums  of  each  pair  will  be  nearly  equal 

Example. 


1849  Jul.  23 

20-4 
42.3 

3*8-7 
24  0 

11 
13 

S8 

1 

67-0 
S-7 

15-a 
47-2 

33-7 
287 

0  1  LimK 
O  2  Limb. 

2-7 

27 

24 

0 

2-7 

2-7 

2-4 

Thesum— 13-.2 

The  time  of  either  limb  passing  the  centre  wire  is  recorded 
in  full,  but  for  the  other  wires,  the  seconds  only  are  recorded, 
as  the  sums  of  the  several  pEurs  only  difier  by  decimals  of  a 
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second.  Half  the  sum  of  the  times  at  the  middle  gives,  then, 
the  correct  time  of  transit  as  far  as  the  second,  and  the  deci- 
mals are  fbond  by  removing  the  decimal  point  one  place  to 
the  left  in  the  som  13*2,  which  is  equivalent  to  dividing  by 
10.  Then  the  time  of  transit,  or  mean  of  observations  in.the 
above  example  is  12"  0°  l'-32.  This  example  is  taken  from 
observations  made  with  a  large  transit ;  and,  if  with  a  smaller 
instrument  the  sums  of  the  several  pairs  of  observations 
should  differ  by  more  than  a  second,  it  will  bo  necessary  to 
take  ihe  smns  of  both  figures  of  the  seconds,  and  the  division 
by  10,  performed  as  above,  will  give  the  last  figure  of  the  se- 
conds, as  well  as  the  decimals. 

In  taking  transits  of  the  moon  the  laminons  edge  alone  can 
be  observed,  from  which  the  time  of  trtmsit  of  the  centre  most 
be  deduced  by  the  aid  of  Lonar  tables. 

In  observing  the  larger  planets,  one  limb  may  be  observed 
at  the  first,  third,  and  fifth  wires,  and  the  other  at  the  second 
and  fourth,  and  the  mean  of  these  observations  will  give  the 
transit  of  the  planef  s  centre. 

It  will  sometimes  happen  that  from  the  state  of  weather,  or 
from  some  other  cause,  a  heavenly  body  may  not  have  been 
observed  at  all  the  wires ;  but,  if  the  declination  of  the  body 
be  known,  an  observation  at  any  one  of  the  wires  may  be  re- 
duced to  the  central  wire,  so  as  to  give  the  time  of  transit,  ea 
deduced  from  this  observation.  If  an  observation  be  obtained 
at  more  than  one  wire,  the  mean  of  the  times  of  passing  the 
centre^as  deduced  fcom  each  wu:e  observed,  is  to  be  taken  as 
the  time  of  transit.  The  reduction  to  the  centre  wire  is  ^ven 
by  the  formula, 

R  Ks  y  cosec  *, 
or  log.  R  ^  log.  y  +  log.  cosec.  r; 
in  which  R  represents  the  reduction,  r  the  polar  distance  of 
the  body  observed,  and  Y  the  equatorial  interval  from  the 
vrire,  at  which  the  observation  has  been  made,  to  the  central 
wire.    The  equatorial  intervals  for  each  side  wire  must,  tfiere- 
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fore,  be  carefully  observed,  and  tabulated  for  the  purpose  erf 
this  reduction.  The  formula  R  =  V  cosec  x  ia  only  an  ap- 
proximate value  of  the  reduction,  and  with  large  instruments, 
capable  of  giving  results  within  0"-05,  a  further  correction  ia 
necesaary  for  bodies  within  10°  of  the  pole.  The  whole 
reduction  in  this  case  is  given  by  the  formula, 

Jt'  =  — -  sin'    15  V  cosec  v. 
15 

The  time  of  any  star's  passage  from  one  of  the  side  wires  to 
the  centre  wire  being  observed,  the  equatorial  interval  from 
that  wire  to  the  centre  is  obtained  by  multiplying  the  ob- 
served interval  by  the  sine  of  the  star's  polar  distance ;  and 
the  equatorial  intervals  being  deduced  in  this  maimer  from  a 
great  many  stars,  the  mean  of  the  results  may  be  considered 
as  very  correct  values  of  the  equatorial  intervals  required. 
No  star  very  near  the  pole  should,  however,  be  taken  for  this 
purpose. 

"Use  op  the  Portable  Transit. 

The  large  transits  in  permanent  observatories  are  used  to 
obtain,  with  the  greatest  possible  accuracy,  the  right  aacen-' 
aious  of  the  heavenly  bodies,  from  which,  and  the  meridian 
altitudes  observed  by  a  mural  circle,  an  instrument,  consisting 
of  a  telescope  attached  to  a  large  circle,  and  placed  in  the 
plane  of  the  meridian,  nearly  all  the  data  necessary  for  every 
astronomical  computation  are  obtained.  For  such  purposes 
tbe  small  portable  transit  is  not  adapted;  but  it  ia  competent 
to  determine  the  time  to  an  accuracy  of  half  a  aecond,  to 
determine  the  longitude  by  observationa  of  the  moon  and 
moon  culminating  stars,  and  to  determine  the  latitude  by 
placing  it  at  right  angles  to  the  meridian,  or  in  the  plane  of 
the  prime  vertical* 

The  transit  of  the  sun's  centre  gives  the  apparent  noon  at 
the  place  of  observation,  and  the  mean  time  at  apparent  noon 

'  He  prime  rertical  is  the  great  circle  which  passes  through  the  zenith 
■nd  the  east  and  west  points  or  the  humon. 
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is  found  by  snbtractitig  or  ad<iiiig  the  equation  of  time,  as  foond 
.  in  the  Naoticul  Almanack,  to  24  hogrs*.  The  difference  between 
the  mean  time,  tliua  fonnd,  and  the  time  of  the  sun's  transit, 
as  shown  by  a  clock  or  chronometer,  is  the  error  of  the  clock 
or  chronometer  for  mean  time  at  the  phice  of  observation. 

The  time  shown  by  a  sidereal  clock  when  any  heavenly 
body  crosses  the  meridian  shoold  coincide  with  the  right  ascen- 
eion  of  that  body,  as  given  in  the  Nautical  Almanack.  The 
diiference  between  the  time  shown  by  the  sidereal  clock,  at  the 
transit  and  the  right  ascenaion  of  the  body,  taken  &om  the 
Almanack  will,  therefore,  be  the  error  of  the  clock,  +,  or  too 
jast,  when  the  clock  lime  is  greater  tbm  the  right  ascension, 
— ,or  too  slow,  wh^i  it  is  lees. 

The  Poetable  Altitude  and  Aztmuth  Inbtbitment- 
The  bending  of  an  unbraced  telesct^  renders  it  unfit  for 
the  determination  of  altitudes;  but  by  placing  the  telescope 
between  two  circles  braced  together,  an  instrument  may  be 
formed  capable  of  observing  both  the  meridian  altitudes  and 
times  of  transit  of  the  heavenly  bodies.  The  increased  weight 
of  the  instrument,  however,  must  now  be  prevented  from  pro- 
ducing flexure  in  the  horizontal  axis,  and  this  has  been  very 
ingeniously  accomplished  by  Troughton.  By  mounting  the 
transit  and  altitude  instrument,  as  Trou^ton's  transit-circle 
may  be  called,  upon  a  horizontal  plate  or-  circle  having  an  azi- 
muthal  motion  round  a  vertical  axis,  an  instrument  is  formed 
by  which  observations  may  be  made  either  in  or  out  of  the 
meridian.  When  constructed  of  a  portable  size,  the  altitude 
and  azimuth  instmment  may  also  be  used  in  important  sur- 

*  The  OBtronomlea]  day  conineDces  at  noon,  and  cootains  S4  hours,  the 
hours  after  midnight  being  called  13,  14,  &c.,  imd  the  day  ends  at  the  next 
noon.  The  equation  of  time  is  given  in  the  Naatical  Alman^k  for  appareot 
noon  at  the  meridian  of  Greenwich,  and  the  correction  to  pre  the  equation  of 
time  at  any  other  meridian  will  be  found  bf  multipljing  the  diObrenc*  for 
one  boor,  as  given  in  the  Almuiack,  bj  the  longitude  of  the  place, 
estimated  in  lime. 
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veying  operationa ;  for,  in  fact,  it  may  be  considered  as  a  rather 
large  theodolite  of  superior  constructioo. 

The  altitude  and  azimuth  instrument  may  be  considered  afl 
consisting  of  three  parts ;  Ist^  the  tripod  carrying  the  vertical 
axis  about  which  the  instrument  turns;  2nd,  the  horizontal 
revolving  plate  carrying  the  vertical  pilars,  with  their  appen- 
dages; and  3rd,  the  vertical  circles  with  the  telescope. 


The  tripod,  A,  A,  is  supported  by  three  foot-screws,  by 
which  the  vertical  axis  is  brought  into  adjustment,  and  carries 
the  lower  horizontal  plate,  which  is  graduated  to  show  the 
ozmmths  or  horizontal  an^es.  The  vertical  axis  is  a  solid 
metalUc  ctme  rising  fnun  the  centre  of  the  tripod  to  a  height 
about  equal  to  the  radina  of  the  horizontal  circle. 
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The  npper  horizontal  plate,  or  horizontal  revolving  plate, 
V,  V,  carries  an  index,  to  point  oat  the  graduation,  upon  tlie 
lower  horizontal  plate,  or  azimuth  circle,  which  denotea  nearly 
the  angle  to  be  read  off.  The  graduationB  upon  the  azimuth 
circle,  as  well  as  upon  the  vertical  circle,  are  subdivided  by 
reading  microscopes,  the  construction  and  adjustments  of  which 
we  shall  presently  explain.  The  reading  microscopes  of  the 
azimuth  circle  are  attached  to  the  revolving  plate,  V,  V,  which 
also  carries  two  upright  {Hilars.  From  the  centre  of  the  upper 
horizontal  plate,  V,  V,  rises  a  hollow  brass  cone  which  just  fits 
over,  and  moves  smoothly  upon  the  solid  metallic  vertical 
axis  rising  &om  the  tripod  stand.  A  horizontal  brace  connects 
the  two  upright  pillars  with  one  another  and  with  the  top  of 
the  hollow  brass  cone,  and  keeps  the  pillars  firm  aad  parallel 
to  one  another.  On  the  top  of  each  pillar  a  gibbet  piece  is 
fixed,  projecting  beyond  the  pillars,  and  upon  the  extreme 
ends  of  these  pieces  are  carried  the  Y'a  for  supporting  the 
pivots  of  the  horizontal,  or  transit  axis.  The  Y's  are  each 
capable  of  being  raised  or  lowered  by  taming  a  milled-headed 
screw.  The  top  of  one  of  the  pillars  carries  a  cross-piece  for 
supporting  the  two  reading  microscopes  of  the  vertical  circle ; 
and  to  this  cross-piece  is  attached  the  level,  L,  L,  by  which  the 
adjustment  of  the  vertical  axis  is  denoted. 

The  third  portion  of  the  instrnment  consists  of  the  vertical 
circle  and  its  telescope.  This  circle  consists  of  two  limbs 
firmly  braced  together,  and  preventing  any  tendency  to 
flexure  in  the  tube  of  the  telescope,  by  affording  it  support  at 
the  opposite  ends  of  a  diameter.  One  of  the  limbs  only  is 
graduated,  and  the  graduated  side  is  called  the  face  of  the  in- 
strnment, and  the  clamp  and  tangent  screw,  for  giving  a  slow 
motion  to  the  vertical  circle,  act  upon  the  nngraduated  limb, 
and  are  fixed  to  the  vertical  pillar  on  the  side  of  that  limb. 
The  horizontal  axis  which  supports  the  telescope  and  vertical 
circle  is  conatrncted  exactly  as  the  axis  of  the  transit  instru- 
ment already  described ;  but,  as  it  might  press  too  heavily  on 
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the  Ts  from  the  increased  load  of  the  vertical  circle,  a  spiral 
spring,  fixed  in  the  body  of  each  pillar,  presses  up  a  fi^ction 
roller  agiunst  the  conical  axis  with  a  force  which  is  nearly  a 
coimterpoise  to  its  weight  The  adjnstment  of  the  horizontal 
axis  is  denoted  by  a  level,  as  in  the  portable  transit  already  . 
described. 

Adjustments. 

A^stments  of  the  Vertical  Axis. — Tom  the  instrument 
round  till  the  level,  L,  L,  is  over  two  of  the  foot-screws,  and 
adjust  the  level,  so  that  its  bubble  may  retain  the  same  position, 
when  the  instrument  is  turned  half  round,  so  that  the  level  is 
again  over  the  same  foot-screws,  but  in  the  reverse  positioii. 
The  error  at  each  trial  is  corrected,  asnearly  ascanbejudgedj 
half  by  the  foot-screws,  and  half  by  the  adjusting  screw  of  the 
level  itsel£ . 

Kext  turn  the  instrument  round  90°  in  azimuth,  so  that  the 
level,  L,  L,  may  be  at  right  angles  to  its  former  positions,  and 
bring  the  bubble  to  the  same  position  as  before,  by  turning 
the  third  foot-screw.  Repeat  the  whole  operation  till  the 
result  is  satis&ctory. 

A^stment  of  the  Horizontal  Axis. — This  adjnstment  is 
performed  in  the  same  manner,  as  already  described  for  the 
Transit  instrument  (Page  173)  with  the  single  exception  that 
one  end  of  the  axis  u  to  be  raised  or  lowered,  if  necessary,  by 
the  screw  acting  upon  its  Y,  and  not  by  moving  a  foot-screw, 
which  would  derange  the  previous  adjustment. 

Adjustment  of  the  Circle  to  its  Reading  Microscopes. — This 
is  performed  by  raising  or  lowering  both  the  Ts  equally,  so  as 
not  to  derange  the  previous  adjustment,  till  the  microscopes 
are  directed  to  opposite  points  in  its  horizontal  diameter. 

A^ustmeat  of  CoUimation  in  Azimuth. — Instead  of  taking 
the  axis  out  of  its  bearings  and  tnining  it  end  for  end,  the 
whole  instrument  is  turned  round  in  azimuth ;  but  in  all  other 
respects  the  method  of  performing  this  adjustment  is  the  same 
as  that  already  described  for  the  Transit  instrument  (Page  1 73). 
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Adjustment  of  CoUimation  in  Altitude. — Point  the  teles- 
cope to  a  very  distant  object,  or  star,  and,  bisecting  it  by  the 
cross-wires,  read  off  the  angle  upon  the  vertical  circle  denoted 
by  the  reading  microscopes.  Turn  the  instrument  half  round 
.  in  azimuth,  and,  again  bisecting  the  same  object  by  the  cross- 
wires,  read  off  the  angle.  One  of  these  readings  will  be 
an  altitude,  and  the  other  a  zenith  distance,*  and  their  sum, 
therefore,  when  there  is  no  error  of  coUimation  in  altitude, 
will  be  90^  If  the  sum  is  not  SO*",  half  its  difference  from  90° 
will  be  the  error  of  coUimation  in  altitude,  and  this  error 
being  added  to,  or  subtracted  from,  the  obserred  angles,  ao- 
cording  as  the  sum  of  the  readings  is  less  or  greater  than  90° 
will  give  the  true  zenith  distance  and  altitude.  The  error  of 
coUimation  in  altitude  may  then  be  corrected  by  adjusting 
the  microscopes  to  read  the  true  zenith  distance  and  altitude, 
thus  found,  whUe  the  object  is  bisected  by  the  cross-wires  of 
the  telescope. 

Use  of  the  Altitude  and  Azimuth  Instrument. — In  using  the 
altitude  and  azimuth  instrument,  for  astronomical  purposes, 
double  observations  should  always  be  made,  with  the  face  first 
to  the  east,  and  then  to  the  west,  or  vice  versd,  or  several  oI>- 
servations  may  be  made  with  the  face  to  the  east,  and  as  many 
with  the  face  to  the  west,  and  the  mean  of  the  results,  reduced 
to  the  meridian,  taken  as  the  true  results.  The  place  for  a 
meridian  mark  may  be  determined  by  the  methods  already 
explained  when  describing  the  transit  instrument,  or  by  observ- 
ing the  readings  of  the  azimuthal  circle,  or  noting  the  times, 
when  any  celestial  object  has  equal  altitudes.  Since  the 
diaphragm  of  the  telescope  is  furnished  not  only  with  the 
central  horizontal  wire,  but  witi  other  horizontal  wires  at 
equal  distances  above  and  below  it,  so  that  there  may  be  alto- 
getlier  either  three  or  five,  or  seven  horizontal  wires,  the 


*  Both  the  horizontal  and  vertical  circles  are  usuall/  divided  alike  ialo 
foor  quadrants,  and  each  quadrant  graduated  from  0*  to  90°,  proceeding  in 
tbe  ■ome  direction  all  ronnd  llie  circles. 
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azimuths  and  times  may  be  observedj  when  the  object  observ- 
ed is  bisected  by  each  of  these  wires.  If  a  fixed  star  be  the 
object  observed,  the  mean  of  the  times  will  give  the  time  of 
the  star's  passing  the  meridian,  and  the  mean  of  the  azimntha 
will  give  the  reading  of  the  azimuth  circle  when  the  star 
was  on  the  meridian,  or  the  correction  to  be  applied  to  the 
readings  of  the  azimuth  circle  to  give  the  true  azimuths.  If 
the  sun  be  the  body  observed,  a  correctioa  is  necessary  on 
account  of  the  change  of  his  declination,  during  the  intervals 
between  the  observations. 

The  correction  for  the  time,  as  deduced  from  a  pair  of  equal 
altitudes  of  the  sun,  is  given  by  the  formula. 

Correction  = -=777;-  x  ■; 7T^(tan.D  Xcos-lS"-! — tan.L) 

/  £Sj        sin.    1  ij 

in  which  2  representa  the  variation  in  (he  sun's  declination 
from  the  noon  of  the  day  preceding  the  observa- 
tions to  the  noon  of  the  day  succeeding: 
t  represents  the  interval  between  the  observations 

expressed  in  hours  and  decimals  of  an  hour : 
D  represents  the  sun's  declination  at  noon  on  the 

day  on  which  the  observations  are  made : 
L  represents  the  latitude  of  the  place. 
£  is  to  be  reckoned  positive  when  the  sun's  declination  is 
increasing,  and  negative  when  it  is  decreasing. 

The  correction  for  azimuth  is  given  by  the  formula. 

Correction  =-  i  (D'  —  D)  sec.  lat  cosec  '-|  (T'  — T> 

in  which  IV  —  D  represents  the  change  of  the^  . 

sun's  declination,  and  T*  —  T  represents  the  J-  , 
.,,.,.  \  observations, 

mterval  in  time,  J 

When  the  sun  is  advancing  towards  the  North  Pole,  this 

correction  will  carry  the  middle  point  towards  the  west  of  the 

approximate  south  pomt;  but  when  he  is  approaching  the 
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Sonth  Polej  it  will  carry  the  same  point  towards  the  east,  aad 
^tist  be  applied  accordinglj. 

The  altitude  and  azimath  instrnmeQt  betog  adapted  to  ob- 
serve the  heavenly  bodies  in  any  part  of  the  visible  expanse 
of  the  heavens,  its  powers  may  be  applied  at  any  time  to  de- 
termine the  data  from  which  the  time,  the  latitude  of  the 
place  of  observation,  or  the  declination  of  the  body  observed, 
may  be  at  once  determined.  We  subjoin  some  of  the  formulse, 
adapted  to  logarithmic  computation,  connecting  the  parts  of 
what  may  be  called  the  astronomical  triangle,  of  which  the 
angular  points  are,  the  pole,  F,  the  zenith,  Z,  and  the  apparent 
place  of  the  body  observed,  S. 

Let  PZ,  the  eolatitade  of  the  place,  be  represented  by  X. 

PS,  the  polar  distance  of  the  body  observed  ...«-. 

ZS,  the  zenith  distance  of  the  body  observed ...  Z. 

ZPS,  the  hour  angle  from  the  meridian k. 

FZS,  the  azimuthal  angle a. 


Then  we  have  the  following  formulae  for  determining  the 
time,  the  latitude,  and  the  declination  of  the  body  observed. 
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The  Reading  Microscope, 
The  first  of  the  annexed  figures  represents  a  longitudinal 
section  of  this   instrument,   and  the   second  represents  the 


field  of  view,  showing  the  magnified  divisions  of  the  Kmb  of 

the  instrument  to  which  the  microscope  is  applied,  and  the 

diaphragm,  d,  d,  of  the  microscope,  with 

its  combi  c,  c,  and  cross-wires,  w,  w. 

The  diaphragm  is  contained  in  the  box, 

t,  t,  and  consists  of  two  parts  moving 

one  over  the  other,   the    comb,  c,  c, 

which  is  moved  by  the  screw,  «,  at  the 

bottom  of  the  box,  for  the  purpose  of 

adjustment,  and  the  cross-wires,  w,  w,  and  index,  t,  which 

are  moved  over  the  comb  and  tlie  magnified   image  of  the 

limb,  by  turning  the  milled  head,  A.     The  micrometer  head, 

m,  is  attached  by  fiiction  to  the  screw  turned  by  the  milled 

head,  so  that,  by  holding  fast  the  milled  head,  the  micrometer 

head  can  be  turned  round  for  adjustment 

e  is  the  eye-piece,  which  slides  with  fiiction  into  the  cell,  c, 
so  as  to  produce  distinct  vision  of  the  spider's  lines  of  the  micro- 
meter. The  object-glass,  o,  is  held  by  a  conical  piece,  d,  rf,  which 
screws  further  into,  or  oat  of,  the  body  of  the  instrument,  so 
as  to  produce  distinct  vision  of  the  divided  limb,  to  be  read  by 
the  microscope,  and,  when  adjusted,  is  held  firmly  in  its  place 
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by  the  nut,  b,  b.  The  microscope  screws  into  a  collar,  so  as  to 
he  capable  of  adjustment  with  respect  to  its  distance  from  the 
divided  limb,  and,  wben  so  adjusted,  is  held  firmly  in  its  place 
by  the  nuts,  n,  n,  n', »/. 

Adfitstments  of  the  Beading  Microscc^. — Screw  the  object 
glass  home.  Insert  the  body  of  the  microscope  into  the  collar 
destined  to  receive  it,  and  screw  home  the  nuts,  n,  n  and  n',  n'. 
Make  the  diaphragm  and  spider's  lines  risible  dbdncUy,  by 
putting  the  eye-piece,  e,  the  proper  depth  into  the  cell,  c.  Tb«i 
make  the  graduated  limb  also  distinctly  visible  without  paral- 
lax by  turning  the  nuts,  n,  n,  and  n',  n',  unscrewing  one  and 
screwing  np  the  other  till  the  desired  object  is  attained- 

Now  bring  the  point  of  intersection  of  the  spider's  lines 
upon  a  stroke  of  the  limb,  and  turn  the  micrometer  head,  ra, 
to  zero;  then,  turning  the  screw  through  .five  revolutions,  if 
the  point  of  intersection  of  the  spider's  Unes  has  not  moved 
over  the  whole  of  one  of  the  divided  spaces  on  the  limb,  the 
object  lens  must  be  screwed  up  to  diminish  the  power  by  turn- 
ing the  cone,  d,  d;  and  if  it  has  moved  over  more  than  one 
of  the  divided  spaces,  it  must  be  unscrewed  to  increase  the 
power,  and  then  altering  the  position  of  the  microscope,  by 
turning  the  nuts,  n,  n  and  n',  n',  till  distinct  vision  of  the 
limb  is  again  obtiuned,  the  measure  of  the  space,  moved  over 
by  five  revolutions  of  the  screw,  must  be  repeated,  as  before. 
When,  after  repeated  trials,  the  result  is  satisfactory,  the  three 
nuts,  n,  n,  n\  n',  and  b,  b,  must  be  screwed  tight  home,  to  ren- 
der the  adjustment  permanent 

When  the  microscope  has  been  thus  adjusted  for  distance, 
the  zero  of  the  division  on  the  limb  must  be  brought  to  the 
point  of  intersection  of  the  spider's  lines,  and  the  divided 
head,  m,  turned,  till  its  zero  is  pointed  to  by  its  index,  and 
then,  if  the  zero  on  the  comb,  c,  c,  be  not  covered  exactly  by 
the  index,  a,  the  comb  must  be  moved  by  turning  the  screw,  i, 
which  eaters  the  bottom  of  the  micrometer  box,  till  its  zero 
b  covered  by  the  index  pin.     The  adjustment  of  the  reading 

n,g,t,7l.dM,COOglC 


microscope  will  now  be  perfect ;  and  the  graduated  limb  to 
be  read  bj  it,  being  divided  at  every  five  minutes,  the  degree 
and  nearest  five  minutes  of  an  observed  angle  will  be  shown 
bj  the  pointer  or  index  to  this  graduated  limb ;  while  the 
nomber  of  complete  revolutitms,  and  the  parts  of  a  revolution, 
of  the  8crew,  in  the  order  of  tfie  nnmbers  upon  the  micro- 
meter head,  m,  required  to  bring  the  point  of  Intersectioa  of 
the  spider's  lines  upon  a  division  of  the  graduated  limb,  will 
be  the  number  of  minutes  and  seconds,  respectively,  to  be 
added  to  the  d^rees  and  minutes  shown  by  the  index  of  the 
circle.  The  complete  revolutions,  or  minutes,  to  be  added, 
are  shown  by  the  nnmber  of  teeth  the  index,  i,  has  passed 
over  from  zero,  and  the  parts  of  a  revolution,  or  seconds  and 
tenths  to  be  added,  are  pointed  out  upon  the  micrometer  head, 
m,  by  its  index. 
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CHAPTER  VIT. 


On  Mathematical  Drawing  Insteuments. 

In  Una  branch  the  limits  of  oar  work  will  not  permit  ns  to 
enter  upon  all  the  contriTances  that  have  been  iarented  for 
iacilitating  the  operations  of  the  draughtsman;  but  we  shall 
endeavour  to  describe  the  constractions  and  applications  of 
such  as  are  in  most  general  use,  and,  as  iar  as  our  space  will 
allow,  to  eshibit  the  principles  upon  which  they  are  founded. 

With  this  view  wo  shall  commence  with  the  instruments  of 
the  ordinary  case  of  drawing  instruments,  as  sold  by  any  mathe- 
matical instrument  maker. 

On  Deawing  Compasses. 

This  iostrument  consists  of  two  l^s  movable  about  a  joint, 
so  that  the  points  at  the  extremities  of  the  legs  may  be  set  at 
any  required  distance  from  one  another;  it  is  used  to  transfer 
and  measure  distances,  and  to  describe  arcs  and  circles. 

The  points  of  the  compasses  should  be  formed  of  well-tem- 
pered steel,  that  cannot  easily  be  bent  or  blunted,  the  upper 
part  being  formed  of  brass  or  silver.  The  joint  is  &amed  of 
two  substances;  one  side  being  of  the  same  material  as  the 
upper  part  of  the  compasses,  either  brass  or  silver,  and  the 
other  of  steel.  This  arrangement  diminishes  the  wear  of  the 
parts,  and  promotes  uniformity  in  their  motion.  If  this 
uniformity  be  wanting,  it  is  extremely  difficult  to  set  the  com- 
passes at  any  desired  distance,  for,  being  opened  or  closed  by 
the  pressure  of  the  finger,  if  the  joint  be  not  good,  they  will 
move  by  fits  and  starts,  and  either  stop  short  of,  or  go  beyond 
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the  distance  required ;  bat,  when  they  move  evenly,  the  pres- 
sure may  be  regulated  so  as  to  open  the  legs  to  the  desired  ex- 
tent, and  the  joint  should  be  stiff  enongh  to  hold  them  in  this 
position,  and  not  to  permit  them  to  deviate  from  it  in  con- 
sequence of  the  small  amount  of  pressure  which  is  inseparable 
from  their  use.  When  greater  accuracy  in  the  set  of  the  com- 
passes is  required  than  can  be  effected  l)y  the  joint  alone,  we 
have  recourse  to  the 

Sair  Compasses,  in  which  the  upper  part  of  one  of  the  steel 
points  is  formed  into  a  beat  spring,  which,  being  lastened  at  one 
extremity  to  the  1^  of  the 
compasses  almost  close  np 
to  the  joint,  is  held  at  the 
other  end  by  a  screw.  A 
groove  is  formed  in  the 
ahank,  which  receives  the 
spring  when  sorewed  up 
tight;  and,  by  turning  the 
screw  backwards,  the  steel 
pointmay  begradually  allow-  , 
ed  to  be  pulled  backwards 
by  the  spring,  and  may 
again  be  gradually  palled 
forwards  by  the  screw  being 
turned  forwards. 

Fig.  1  represents  these 
compasses  when  shut;  Fi^ 
2  represents  them  open,  with 
the  screw  turned  backwards, 

and  the  steel  point  p,  in  consequence  moved  backwards  by  its 
spring  s,  {com  the  position  represented  by  the  dotted  lines, 
which  it  would  have  when  screwed  tight  up. 

Fig.  3  represents  a  key,  of  which  the  two  points  fit  into  the 
two  holes  seen  in  the  nut,  n,  of  the  joint ;  and  by  turning  this 
nut  the  joint  is  made  stiffer  or  easier  at  pleasure. 
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To  take  a  Distance  with  the  Hair  Compasses. — Open  them 
as  nearly  as  you  can  to  the  required  diatance,  set  the  fixed 
1^  OQ  the  point  from  which  the  distance  is  to  he  taken,  and 
make  the  extremity  of  the  other  leg  coincide  accurately  with 
the  end  of  the  required  distance,  hy  taming  the  screw. 

Compasses  with  Movable  Points. 

If  an  arc  or  circle  is  to  be  described  faintly,  merely  as  a 
guide  for  the  terminating  points  of  other  lines,  the  steel  points 
are  generally  sufficient  for  the 
purpose  and  are  susceptible  of 
adjustment  with  greater  accuracy 
than  a  pencil  point;  but  in 
order  to  draw  arcs  or  circles 
with  ink  or  black-lead,  compasses 
with  a  movable  point  are  used. 

In  the  best  description  of  these  | 

compasses  the  end  of  the  shank  { 

is  formed  into  a  strong  spring, 
which  holds  firmly  the  movable 
point,  or  a  pencil  or  ink  point, 
as  may  be  required.  A  length- 
ening bar  may  also  be  attached 
between  the  shank  and  the 
movable  point,  so  as  to  strike 
larger  circles,  and  measure  great- 
er distances.  The  movable  point 
to  be  attached  to  the  lengthen- 
ing bar,  as  also  the  pen  point  and 
pencil  point,  are  furmahed  with  a  joint  that  they  may  be  set 
nearly  perpendicular  to  the  paper. 

A,  the  compasses,  with  a  movable  point  at  B. 
C  and  D,  the  joints  to  set  each  point  perpendicular  to  the  paper. 
E,  the  pencil  point. 
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r,  the  pen  point. 

G,  the  lengthening  bar. 

To  describe  small  arcs  or 
circles  a  small  pair  of  compass- 
es, called  bow  compasset  with  a 
permanent  ink  or  pencil  point, 
are  used.  They  are  formed 
with  a  ronnd  head,  which  rolls 
with  ease  between  the  fin-  ' 
gers.    The  adjoining  figures  | 

present  two  constructions  of         ^ 
pen  bows,  Fig.  I  being  well 
adapted  to  describe   area  of 
not  more  than  one  inch  radius, 
and  Fig.  2  to  describe  arcs  of  "  ' 

small  radii  with  exactness  by 
means  of  the  adjusting  screw  C. 

For  copying  and  reducing 
drawings,  compasses  of  a  pe- 
culiar construction  are  used ; 
the  simplest  form  of  which  is  that  called  wholes  and  halves, 
because  the  longer  1^  being  twice  the  length  of  the  shorter, 
when  the  former  are  opened  to  any  given  line,  the  shorter 
ones  will  be  opened  to  the  half  of  that  line.  By  their 
means,  then,  all  the  lines  of  a  drawing  may  be  rednced 
to  one-half,  or  enlarged  to  double  their  length.  These 
compasses  are  also  useful  for  dividing  lines  by  continual 
bisections. 


Pbopoetional  Compasses. 

Bt  means  of  this  ingenious  instrument,  drawings  may  be 
rednced  or  enlarged,  so  that  all  the  Knea  of  the  copy,  or  the 
areas  or  solids  represented  by  its  several  parts,  shall  bear 
any  required  proportion  to  the  lines,  areas,  or  solids  <rf  the 
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original  drawing.  They  will  alao  serve  to  inscribe 
regular  polygons  in  circles,  and  to  take  the  square 
roots  and  cube  roots  of  nombers.  In  the  annexed 
£gure  the  scale  of  lines  is  placed  on  the  leg  A  E, 
on  the  letit>-haDd  side  of  the  groove,  and  the  scale 
of  circles,  on  the  same  leg,  on  the  right-hand  side 
of  the  groove.  The  scales  of  plans  and  sdids  are 
On  the  other  face  of  the  instniment. 

To  set  the  instrument  it  must  first  be  accu- 
rately closed,  so  that  the  two  legs  appear  but  as 
one ;  the  nut  C  being  then  unscrewed,  the  slider 
may  be  moved,  until  the  line  across  it  coincides 
with>  any  required  division  upon  any  one  of  the 
scales.  Novr  tighten  the  screw,  and  the  com- 
passes are  set 

To  reduce  or  enlarge  the  Lines  of  a  Dratoin^. — ■ 
The  line  across  the  slider  being  set  to  one  of  the 
divisions,  2,  3,  4,  &c.,  on  the  scale  of  lines,  the 
points  A,  B,  will  open  to  double,  triple,  four  times, 
&c.,  the  distances  of  the  points  D,  E*.     If,  then, 
the  points  A  and  B  be  opened  to  the  lengths  of  the  lines  upon  a 
drawing,  the  points  D  and  E  will  prick  oflF  a  copy  with  the  lines 
rednced  in  the  proportions  of  ^  to  1,  ^  to  1,  ^  to  1,  &c. ;  but,  if 
the  points  D  and  E  be  opened  to  the  lengths  of  the  lines  upon 
a  drawing,  the  points  A  and  B  will  prick  off  a  copy  with  the 
lines  enlarged  in  the  proportions  of  2  to  1,  3  to  1,  4  to  1,  &c. 

To  inscribe  in  a  Circle  a  regular  Polygon  of  any  Number  of 
Sides  from  6  to  20. — The  line  across  the  slider  being  set  to 
any  number  on  the  scale  of  circles,  and  the  points  A  and  B 
beitig  opened  to  the  length  of  any  radius,  the  points  D  and  E 
will  prick  o£F  a  polygon  of  that  number  of  sides,  in  the  circle 
described  with  this  radius ;  thus,  if  the  line  across  the  slider 
be  set  to  the  division  marked  12  on  the  scale  of  circleB>  and  a 

*  Eaclid,  Book  tL,  Prop.  4. 
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circle  be  described  with  the  radius  A  B,  D  E  will  be  the 
chord  of  a  ^^th  part  of  the  circumference,  and  will  prick  off  a 
T^ular  polygon  of  12  sides  in  it 

To  reduce  or  enlarge  the  Area  of  a  Drawing. — The  num- 
bers upon  the  scale  of  plans  are  the  squares  of  the  ratios  of. 
the  lengths  of  the  opposite  ends  of  the  compasses,  when 
the  line  across  the  slider  is  set  to  those  numbers ;  and,  the 
distances  between  the  points  being  in  the  same  ratio  as  the 
lengths  of  the  corresponding  ends,*  the  areas  of  the  drawings, 
and  of  the  several  parts  of  the  drawings,  pricked  off  by  these 
points,  will  have  to  one  another  the  ratio  of  1  to  the  number 
upon  the  scale  of  plans  to  which  the  instrument  is  set  t>  Thus 
if  the  line  across  the  slider  be  set  to  4  on  the  scale  of  plans, 
the  distance  between  the  points  A  and  B  will  be  twice  as  great 
as  the  distance  between  D  and  E ;  and,  if  A  and  B  be  opened 
out  to  the  lengths  of  the  several  lines  of  a  drawing,  D  and  E 
will  prick  off  a  copy  occupying  Jth  the  area;  if  the  line  across 
the  slides  be  set  to  5  on  the  same  scale,  the  distances  between 
the  points  will  be  in  the  ratio  of  1  to  1/6,  and  the  area  of 
the  copy  pricked  off  by  the  points  D  and  E  wiU  be  f  th  of  the 
area  of  the  drawing,  of  which  the  lines  are  taken  off  by  A  and 
B ;  conversely,  if  the  lines  of  the  drawing  be  taken  off  by  the 
,  points  D  and  E,  the  points  A  and  B  will  prick  off  a  copy,  of 
which  the  area  will  be  4  times  or  5  times  as  great,  according 
as  the  line  across  the  slider  is  set  to  the  division  marked  4  or 
6  on  the  scale. 

To  lake  the  Square  Ro^t  of  a  Number. — The  line  across  the 
slider  being  set  to  the  number  upon  the  scale  of  plans,  open 
the  points  A  and  B  to  take  the  number  from  any  scale  of  equal^ 
parts,  then  the  points  D  and  E  applied  to  the  same  scale  of 
equal  parts  will  take  the  square  root  of  the  number.  Thus/ 
to  take  the  square  root  of  3,  set  the  line  across  the  slider  to  3y 
open  oat  the  compasses,  till  A  and  B  take  off  3  firom  any  scalei 
*  Buclid,  Book  Ti.,  Prop.  4. 
t  Euclid,  Booh  vi„  Props.  19,  SO  )  and  Book  x[i„  Prop.  a. 
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of  ec[iial  parts,  and  the  points  D  and  E  will  take  off  1.73,  which  is 
the  square  root  of  3,  firom  the  same  scale  of  equal  parts.  A 
mean  proportional  between  two  nmnbers,  being  the  square  root 
of  their  product,  may  he  found  by  multiplying  the  numbers 
together,  and  then  taking  the  square  root  of  the  product  in  the 
manner  exphdned  above. 

The  numbers  of  the  scale  of  solids  are  the  cnbes  of  the  ratios 
of  the  lengths  of  the  opposite  ends  of  the  compasses,  when  the 
hne  across  the  shder  is  set  to  those  numbers ;  so  that,  when 
this  line  is  set  to  the  division  marked  2  upon  the  scale  of 
Bolids,  the  distance  between  the  points  A  and  B  will  give  the 
side  of  a  solid  of  double  the  content  of  that,  of  which  a  like 
side  is  given  by  the  distance  of  the  points  D  and  E  when  the 
line  is  set  to  3,  the  respective  distances  of  the  points  will  give 
the  like  sides  of  solids,  the  contents  of  which  will  be  in  the 
proportion  of  3  to  1 ;  and  so  on. 

7%e  Cube  Boot  of  a  given  number  may  be  found  by 
setting  the  line  across  the  shder  to  the  number  upon  the 
scale  of  solids,  and,  opening  the  points  A,  B,  to  take  off 
the  number  upon  any  scale  of  equal  parts,  the  points  D,  E, 
will  then  take  off  the  required  cube  root  from  the  same  scale. 

The  Beam  Compasses. 

This  instrument,  consists  of  a  beam.  A,  A,  of  any  length  re- 
quired, generally  made  of  well-seasoned  mahogany.  Upon 
its  face  is  inlaid  throughout  its  whole  length  a  slip  of  holly  or 
boxwood,  a,  a,  upon  which  are  engraved  the  divisions  or  scale, 
either  feet  and  decimals,  or  inches  and  decimals,  or  whatever 
particular  scale  may  be  required. 

Two  brass  boxes,  B  and  C,  are  adapted  to  the  beam ;  of 
whi<A  the  latter  may  be  moved,  by  sliding,  to  any  part  of  its 
length,  and  fixed  in  position  by  tightening  the  clamp  screw 
E.  Connected  with  the  brass  boxes  are  the  two  points  of  the 
instrument  G  and  H,  which  may  be  made  to  have  any  extent 
of  opening  by  sliding  the  box  C  along  the  beam,  the  other  box 
B,  being  firmly  fixed  at  one  extremity. 
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The  object  to  be  attained,  in  the  use  of  this  instniment,  is 
the  nice  adjastment  of  the  points  G,  H,  to  any  definite  distance  . 
apart.     Tliis  is  accomplished  by  two  Teenier  or  reading  plates 

b,  c,  each  fixed  at  the  side  of  an  opening  in  the  brass  boxes  to 
which  they  are  attached,  and  affording  the  means  of  minntely 
snbdividing  the  principal  divisions  a,  a,  on  the  beam,  which 
appear  through  those  openings,  D  is  a  clamp  screw  for  a 
similar  purpose  to  the  screw  E,  namely,  to  fix  the  box  B,  and 
prevent  motion  in  the  point  it  carries  aiter  adjustment  to  posi- 
tion. F  is  a  slow  motion  screw,  by  which  the  point  Gr  may 
be  moved  any  very  minute  quantity  for  perfecting  the  setting 
of  the  instrument,  after  it  has  been  otherwise  set  as  nearly  as 
possible  by  the  hand  alone. 

The  method  of  setting  the  instrument  for  nse  may  be  under- 
stood from  the  above  description  of  its  parts,  and  also  by  the 
following  explanation  of  the  method  of  examining  and  correcting 
the  adjustment  of  the  vernier,  b,  which,  lite  all  other  mecha- 
nical adjustments,  will  occasionally  get  deranged.  This  verifica- 
tion must  be  performed  by  means  of  a  detached  scale.  Thus, 
suppose,  for  example,  that  our  beam  compass  is  divided  to 
feet,  inches,  and  tenths,  and  subdivided  by  the  vernier  to  hun- 
dredths, &c  First,  set  the  zero  division  of  the  vernier  to  the 
zero  of  the  principal  divisions  on  the  beam,  by  means  of  tha 
slow  motion  screw  F.  This  must  be  done  very  nicely.  Then 
slide  the  box  C,  with  its  point  G,  till  the  zero  on  the  vernier 

c,  exactly  coincides  with  any  principal  division  on  the  beam, 
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as  twelve  incheB  or  aix  inches,  &c.  To  enable  us  to  do  tliis 
with  extreme  accuracy  some  superior  kinds  of  beam  compasses 
have  the  box  0  also  furnished  with  a  tangent  or  slow  motion 
screw,  by  which  the  setting  of  the  points  or  divisions  may  be 
performed  with  the  utmost  precision.  Lastly,  apply  the  points 
to  a  similar  detached  scale,  and,  if  the  adjustment  be  perfect, 
the  interval  of  the  points,  G,  H,  will  measure  on  it  the  distance 
to  which  they  were  set  on  the  beam.  If  they  do  not,  by  ever 
80  small  a  quantity,  the  adjustment  should  be  corrected  by 
turning  the  screw  F  till  the  points  do  exactly  measure  that 
quantity  on  the  detached  scale;  then,  by  loosening  the  httle 
screws  which  hold  the  vernier  S  in  its  place,  the  position  of 
the  vernier  may  be  gradually  changed,  till  its  zero  coincides 
with  the  zero  on  the  beam;  and,  then  tightening  the  screws 
agEun,  the  adjustment  will  be  complete- 

In  the  above  we  have  described  the  Beam  Compass,  but 
&r  all  practical  purposes,  it  is  sufficient  to  have  the  beam 
made  of  well-seasoned  mahogany,  and  to  dispense  with  the 
scale  and  vernier.  The  box  B,  being  made  movable  on 
the  beam,  by  means  of  the  tangent  screw  F,  the  box  C,  can 
be  slid  along  the  beam  to  any  extent,  and  the  points  G  and  H, 
appHed  to  a  scale  of  equal  parts  and  adjusted  to  any  nicety  by 
the  screw  F. 

Beam  Compasses  made  of  wood,  are  preferable  to  those  of 
brass  or  other  metal,  the  latter  being  subject  to  greater  ex- 
pansion on  account  of  the  changes  in  the  state  of  the  atmos- 
phere ;  they  are  also  easily  made  up  by  any  bazar  carpenter. 

The  Dbawing  Pen. 
This  instrument  is  used  tor  drawing  str^ht  lines.  It 
consists  of  two  blades  with  steel  points,  fixed  to  a  handle ; 
and  they  are  so  bent,  that  a  sufficient  cavity  is  left  between 
them  for  the  ink,  when  the  ends  of  the  steel  points  meet  close 
together,  or  nearly  so.  The  blades  are  set  with  the  points 
more  or  less  open  by  means  of  a  mill-headed  screw,  so  as  to 
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4raw  lines  of  any  required  fineness  or  thickness.  One  of  the 
blades  is  framed  with  a  joint,  bo  that  hy  taking  out  the  screw 
the  blades  may  be  completely  opened,  and  the  points  effectively 
cleaned  after  use.  The  ink  is  to  be  put  between  the  blades 
by  a  common  pen;  in  nsing  the  pen  it  shoold  be  slightly 
inclined  in  the  direction  of  the  line  to  be  drawn,  and  care 
should  be  taken  that  both  points  touch  the  paper;  these 
obserrations  equally  apply  to  the  pen  points  of  the  compasseB 
before  described.  The  drawing  pen  should  be  kept  close  to 
the  straight  edge,  and  in  the  same  direction  during  the  whole 
operation  of  drawing  the  line. 

Ful.  Ti^--  fu.S. 


\ 


"Foi  drawing  close  parallel  lines  in  mechanical  and  archi- 
tectural drawings,  or  to  represent  canals  or  roads,  a  double 
pen  (Fig.  2)  is  frequently  used,  with  an  adjusting  screw  to  set 
the  pen  to  any  required  small  distance.  This  is  usually 
called  the  road  pen.  Tlie  best  pricking  point  is  a  fine  needle 
held  in  a  pair  of  forceps  (Fig.  3>  It  is  used  to  mark  the 
intersections  of  lines,  or  to  set  off  divisions  from  the  plotting 
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scale  and  protractor.  This  point  may  also  be  used  to  prick 
through  a  drawing  upon  an  intended  copy,  or,  the  needle 
being  reversed,  the  eye  end  fom^  a  good  tracing  point 

A  Straight  Edge. 

Ae  many  inst^nments  are  required  to  have  strwght  edges 
for  the  purpose  of  measuring  distances,  and  of  drawing  straight 
lines,  it  may  be  considered  important  to  test  the  accuracy  of 
such  edges.  This  may  be  done  by  placing  two  such  edges 
in  contact  uid  sliding  them  along  each  other,  while  held  up 
between  the  eye  and  the  light :  if  the  edges  fit  close  in  some 
parts,  so  as  to  exclude  the  light,  but  admit  it  to  pass  between 
them  at  other  parts,  the  edges  are  not  true :  if,  however,  the 
edges  appear,  as  far  a^  the  test  has  now  proceeded,  to  be  true, 
still  this  may  arise  from  a  curvature  in  one  edge  fitting  into  an 
opposite  curvature  in  the  other ;  the  final  step  then  is  to  take 
a  third  edge,  and  try  it  in  the  same  manner  with  each  of  the 
other  two,  and,  if  in  each  case  the  contact  be  close  throughout 
the  whole  extent  of  the  edges,  then  they  are  all  three  good. 

"  To  draw  a  straight  line  between  two  points  upon  a  plane, 
we  lay  a  rule  so  that  the  straight  edge  thereof  may  just  pass 
by  the  two  points;  then,  moving  a  fine  pointed  needle,  or 
drawing  pen,  along  this  edge,  we  draw  a  line  from  one  point 
to  the  other,  which,  for  common  purposes,  is  sufficiently  exact ; 
but,  where  great  accuracy  is  required,  it  will  be  found  ex- 
tremely difficult  to  lay  the  rule  equally  with  respect  to  both 
the  points,  so  as  not  to  be  nearer  to  one  point  than  the  other. 
It  is  difficult  also  so  to  carry  the  needle,  or  pen,  that  it  shall 
neither  incliqe  m<»-e  to  one  side  than  the  other  of  the  rule ; 
and  thirdly,  it  is  very  difficult  to  find  a  rule  that  shall  be 
perfectly  straight. 

"  If  the  two  points  be  very  far  distant,  it  is  almost  im- 
possible to  draw  the  line  with  accuracy  and  exactness;  a 
circular  line  may  be  described  more  easily,  and  more  ex- 
actly, than  a  straight  or  any  other  line,  though  even  then 
2  c 
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mtinj  difficnltiea  occur,  when  the  circle  is  required  to  be  of  a 
large  radius. 

"  And  let  no  one  consider  these  reflections  as  the  effect  of 
too  scrupulous  exactness,  or  as  an  unnecessarj  aim  at  pre- 
cision; for,  as  the  foundation  of  all  onr  knowledge  in  geo- 
graphy, navigation,  and  astronomy,  is  built  on  observations, 
and  all  observations  are  made  with  inatruments,  it  follows 
that  the  truth  of  the  observations,  and  the  accuracy  of  the  de- 
ductions therefrom,  will  principally  depend  on  the  exactness 
with  which  the  instruments  are  made  and  divided,  and  that 
those  sciences  will  advance  iu  proportion  as  these  are  less  dif- 
ficult in  their  use,  and  more  perfect  in  the  performance  o£ 
their  respective  operations." 

Of  Paballel  Rules. 

Parallel  lines  occur  so  continually  iu  every  species  of 
mathematical  drawmg,  that  it  is  no  wonder  so  many  instru- 
ments have  been  contrived  to  delineate  them  with  more  expe- 
dition than  could  be  effected  by  the  general  geometrical 
methods:  of  the  various  contrivances  for  this  purpose,  ^e 
following  are  those  most  approved. 

The  Common  Parallel  Rule. — This  consists  of  twO  stnught 
rules,  which  are  connected  together)  and  always  maintained 
in  a  parallel  position  by  the  two  equal  and  parallel  bars,  which 
move  very  fireely  on  their  centres,  or  rivets,  by  which  they 
are  fastened  to  the  rules. 


Tiu  Double  Parallel  RuU. — This  instrument  is  constructed 
exactly  upon  the  same  principles  as  the  foregomg,  but  with 
diis  advantage,  that  in  using  it,  the  movable  rule  may  always 
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be  80  placed,  that  its  ends  may  be  exactly  over,  or  even  with 
the  ends  of  the  fixed  rule,  whereas  in  the  former  kind,  they 
are  always  shifting  away  from  the  ends  of  the  fixed  rule  ;  it 
consists  of  two  equal  flat  rules,  and  a  middle  piece ;  they  are 
connected  together  by  four  brass  bars,  the  ends  of  two  bars 
are  rivetted  on  the  middle  line  of  one  of  the  straight  rules ; 
the  ends  of  the  other  two  bars  are  rivetted  on  the  middle  line 
of  the  other  straight  rule ;  the  other  ends  of  the  brass  bars 
are  taken  two  and  two,  and  rivetted  on  the  middle  piece,  as  is 
evident  from  the  figure.  It  would  be  needless  to  observe,  that 
the  brass  bars  move  freely  on  their  rivets,  as  so  many  centres. 


Th4  Cross-barred  Parallel  Rule.— In  this,  two  straight  rules 
are  joined  by  two  brass  bars,  which  cross  each  other,  and  turn 
on  their  intersection  as  on  a  centre;  one  end  of  each  bar 
moves  on  a  centre,  the  other  slides  in  a  groove,  aa  the  rules 
recede  from  each  other. 


As  the  three  parallel  rules  above  described  are  all  used  i 
the  same  way,  one  problem  will  serve  for  them  all. 
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A  right  line  being  given,  to  draw  a  line  parallel  thereto  by 
either  of  the  foregoing  inntrumentt : 

Set  the  edge  of  the  nppermost  rule  to  the  ^ven  line  ;  press 
the  edge  of  the  lower  mle  light  to  the  paper  with  one  hand, 
and  with  the  otlier  move  the  upper  rule,  till  its  edge  coincides 
with  the  ^ven  point ;  and  a  line  drawn  along  the  edge  through 
the  point  is  the  line  required. 

The  Rolling  Parallel  Rule,  is  a  rectangular  parallelogram  of 
black  ehonj  or  brass.  It  is  supported  bj  two  small  wheels, 
which  are  connected  together  by  a  long  axis,  the  wheels  being 
exactly  of  the  same  size,  and  their  rolling  surfaces  being 
parallel  to  the  axis.  When  they  are  rolled  backwards  or  for- 
wards, the  axis  and  rule  will  move  in  %  direction  parallel  to 
themselYcs. 


_The  wheels  are  somewhat  indented,  to  prevent  their  shding 
on  the  paper.  In  rolling  these  rules  one  hand  only  must 
be  used,  and  the  fingers  should  be  placed  nearly  in  the  mid- 
dle of  the  rule  that  one  end  may  not  have  a  tendency  to 
move  faster  than  the  other.  The  wheels  only  should  touch 
the  paper  when  the  rule  is  moving,  and  the  surface  of  the 
paper  should  be  smooth  and  flat.  This  role  is  sometimes  made 
with  slips  of  ivory  laid  on  tlie  edges  and  divided  into  inches 
and  tenths. 
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CHAPTER  Vlir. 


On  Scales. 


Sc  ALPS  of  equal  parts  are  nsed  for  measuring  straight  lines, 
and  laying  down  distancee,  each  part  answering  for  onfe  foot, 
one  yard,  one  chain,  Sec,  as  may  be  convenient,  and  the  plan 
will  be  larger  or  smaller  as  the  scale  contains  a  smaller  or  a 
greater  number  of  parts  in  an  inch. 

Scales  of  equal  parts  may  be  divided  ioto  three  kinds; 
simply  divided  scales,  diagonal  scales,  and  vernier  scales. 

Simply  divided  Scales. — Simply  divided  scales  consist  of  any 
extent  of  equal  divisions,  which  are  numbered  1,  2,  3,  &c, 
beginning  &om  the  second  division  on  ^e  left  hand.  The 
first  of  these  primary  divisions  is  subdivided  into  ten  equal 
parts,  and  from  these  last  divisions  the  scale  is  named.  Thus 
it  is  called  a  scale  of  30,  fvhen  30  of  these  small  parts  are  equal 
to  one  inch.  If,  tlien,  these  sabdiviaions  be  taken  as  utiits, 
each  to  represent  one  mile,  for  instance,  or  one  chain,  or  one 
foot,  &C.,  the  primary  divisions  will  be  so  many  tens  of  miles, 
or  of  chains,  or  of  feet,  &c. ;  if  the  subdivisions  are  taken  as 
tens,  the  primary  divisions  will  be  hundreds;  and,  if  the 
primary  divisions  be  nnits,  tlie  subdivisions  will  be  tenths. 
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The  above  diagram  represents  six  of  the  simply  divided 
scales,  which  are  generally  placed  upon  the  plain  scale.  To 
adapt  them  to  feet  and  inches,  the  first  primary  division  is 
divided  duodecimally  upon  an  tipper  line.  To  lay  down 
360,  or  36,  or  3.6,  &c.,  irom  any  one  of  these  scales, 
extend  the  compasses  from  the  primary  division  numbered  3 
to  the  6th  lower  subdivision,  reckoning  backwards,  or  towards 
the  left  hand.  To  take  off  any  number  of  feet  and  inches, 
6  feet  7  inches  for  instance,  extend  the  compasses  from  the 
primary  division  numbered  6,  to  the  7th  npper  subdivision, 
reckoning  backwards,  as  before. 

Diagonal  Scales. — In  the  simply  divided  scales  one  of  the 
primary  divisions  is  subdivided  only  into  ten  equal  part»,  and 
the  parts  of  any  distance  which  are  less  than  tenths  of  a  pri- 
mary division  cannot  be  accurately  taken  off  from  them ;  bu^ 
by  means  of  a  diagonal  scale,  the  parts  of  any  distance  which 
are  the  hundredths  of  the  primary  divisions  are  correctly  in- 
dicated, aa  will  easily  be  understood  from  its  construction, 
which  we  proceed  to  describe. 

Draw  eleven  parallel  equidistant  lines;  divide  the  npper  of 
these  lines  into  equal  parts  of  the  intended  length  of  the 
primary  divisions ;  and  through  each  of  these  divisions  draw 
perpendicular  lines,  cutting  all  the  eleven  parallels,  and 
number  these  primary  divisions,  1, 2,  3,  &c,  beginning  from 
the  second. 

Subdivide  the  first  of  these  primary  divisions  into  ten  equal 
parts,  both  upon  the  highest  and  lowest  of  the  eleven  partdlel 
]ines,and  let  these  subdivisions  be  reckoned  in  the  opposite  direc- 
tion to  the  primary  divisions,  as  in  the  simply  divided  scales. 
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Draw  the  diagonal  lines  irom  the  tenth  saMivision  below  to 
the  ninth  above.  From  the  ninth  below  to  the  eighth  above,  and 
so  on,  till  we  come  to  a  line  from  the  first  below  to  the  zero 
point  above.  Then,  since  theae  diagonal  lines  are  all  parallel, 
and  consequently  every  where  equidistant,  the  distance  between 
any  two  of  them  in  saccession,measiired  upon  any  of  the  eleven 
parallel  lines  which  they  intersect,  is  the  same  as  tliis  distance 
measured  upon  the  highest^ir  lowest  of  these  lines,  that  is,  as 
one  of  the  subdivisions  before  mentioned.  But  the  distance 
between  the  perpendicular,  which  passes  through  the  zero 
point,  and  the  diagonal  through  the  same  point,  being  nothing 
on  the  highest  line,  and  equal  to  one  of  the  subdivions  on  the 
lowest  line,  is  equal*  to  one-tenth  ofa  subdivision  on  the  second 
line,  to  two-tenths  ofa  subdivision  on  the  third,  and  so  on;  so 
that  this,  and  consequently  each  of  the  other  diagonal  lines,  as 
it  reaches  each  successive  parallel,  separates  further  from  the 
perpendicular  through  the  zero  point  by  one-tenth  of  the  extent 
of  a  subdivision,  or  one-hundredth  of  the  extent  of  a  primary 
division. 


The  above  figure  represents  the  two  diagonal  scales  which 
are  usually  placed  upon  the  plain  scale  of  six  inches  in  length. 
In  one,  the  distances  between  the  primary  divisions  are  each 
half  an  mch,  and  in  the  other  a  quarter  of  an  inch.  The 
parallel  next  to  the  figures  numbering  these  divisions  must  be 
considered  the  highest  or  first  parallel  in  each  of  these  scales 
to  accord  with  the  above  description. 

The  primary  divisions  being  taken  for  units,  to  set  off  the 

numbers  6'7i  by  the  diagonal  sc^e.      Set  one  foot  of  the 

*  Euclid.    Book  vi.,  Prop.  4. 
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compasses  on  the  point  where  the  fifth  parallel  cuts  the  eighth 
diagonal  line,  and  extend  the  other  foot  to  the  point  where 
the  ajune  parallel  cuts  the  fifth  vertical  line. 

The  primary  divisions  being  reckoned  as  tens,  to  take  off 
the  oamber  46.7.  Extend  the  compasses  Irom  the  point  where 
the  eighth  parallel  cuts  the  seventh  diagonal  to  the  point 
where  it  cute  the  foorth  vertical. 

The  primary  divisions  being  hiyidreds,  to  take  off  the  num- 
ber 253.  Extend  the  compasses  &om  the  point  where  the 
fourth  parallel  cuts  the  sixth  diagonal  to  the  point  where  it 
cuts  the  second  vertical 

Now,  since  the  first  of  the  parallels,  of  the  diagonals,  and  of 
the  verticals  indicate  the  zero  points  of  the  third,  second,  and 
first  figures  respectivelj',  the  second  of  each  of  them  stands 
for,  and  is  marked,  1,  the  third,  2,  and  so  on,  and  we  have  the 
lollowing  general  rule : 

To  take  off  any  number  to  three  places  of  Jigures  upon  a 
Diagonal  Scale. — On  the  parallel  indicated  by  the  third 
figure,  measure  from  the  diagonal  indicated  by  the  second 
figure  to  the  vertical  indicated  by  the  first. 

Vermer  Scales. — The  nature  of  these  scales  will  be  under- 
stood from  their  construction.  To  construct  a  vernier  scale, 
which  shall  enable  ns  to  take  off  a  number  to  three  places  of 
figures,  divide  all  the  primary  divisions  into  tenths,  and  num- 
ber these  subdivisions,  1,  2,  3,  &c,  from  the  left  hand  towards 
the  right  throughout  the  whole  extent  of  the  scale. 


Take  off  now,  with  the  compasses,  eleven  of  these  subdi- 
visions, set  the  extent  off  backwards  from  the  end  of  the  first 
primaiy  division,  and  it  will  reach  beyond  the  beginning  of 
this  division,  or  zero  point,  a  distance  equal  to  one  of  the  sub- 
divisions.   Now  divide  the  extent  thus  set  off  into  ten  eg.ital 
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parts,  marking  the  divisions  on  the  opposite  side  of  the  divided 
line  to  the  strokes  marking  the  primary  divisions  and  the  sub- 
divisions, and  number  them  1,  2,  3,  &c.,  backwards  from  right 
to  left.  Then,  since  the  extent  of  eleven  subdivisions  haa 
been  divided  into  ten  eijual  parts,  so  that  these  ten  parts 
exceed  by  one  subdivision  tlie  extent  of  ten  subdivisions,  each 
one  of  these  equal  parts,  or,  as  it  maj  be  called,  one  division 
of  the  vernier  scale,  exceeds  one  of  the  subdivisions  by  a  tenth 
part  of  a  subdivision,  or  a  hnndredtli  part  of  a  primary  divi- 
sion. In  our  figure  the  distances  between  the  primary  divi- 
sions are  each  one  inch,  and,  consequently,  the  distances  be- 
tween the  subdivisions  are  each  one-tenth  of  an  inch,  and  the 
distance  between  the  divisions  of  the  vernier  scale  each  one- 
tenth  and  one-hundredth  of  an  inch. 

To  take  off  the  nnmber  253  from  this  scale.  Increase  tha 
first  figure  2  by  1,  making  it  3;  because  the  vernier  scale 
commences  at  the  end  of  the  first  primary  division,  and  the 
primary  divisions  are  measured  from  this  point  and  not  from 
the  zero  point;  *  The  first  thus  increased  with  the  second  now 
represents  35  of  the  subdivbions  &om  the  zero  point,  from 
which  the  third  figure,  3,  must  be  subtracted,  leaving  32 ;  since 
three  divisions  of  the  vernier  scale  will  contain  three  of  these 
subdivisions,  together  with  diree-tenths  of  a  subdivision.  Place 
then,  one  point  of  the  compasses  upon  the  third  division  of  the 
vernier  scale,  and  extend  the  other  point  to  the  32nd  subdivi- 
sion, or  the  second  division  beyond  the  3rd  primary  division, 
and,  laying  down  the  distance  between  the  points  of  tiie  com- 
pass, it  will  represent  253,  or  25.3,  or  2.53,  according  aa  the 
primary  divisions  are  taken  as  hundreds,  tens,  or  units. 

General  Rule. — To  take  off  any  number  to  three  places  of 
figures  upon  this  vernier  scale.  Increase  the  first  figure  by 
one,  subtract  the  third  figure  fi»m  the  second,  borrowing  one 
from  the  first  increased  figure,  if  necessary,  and  extend  the 

*  If  the  Teniei  sc&Ie  were  placed  to  the  left  of  tbe  zero  point,  s  distuica 
Um  th&D  one  primary  diviaioD  could  not  always  be  foand  upon  the  scale. 
2  D 
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compasses  from  the  division  upon  the  yemier  scale,  indicated 
by  the  third  figure  to  the  subdivision  indicated  by  the  ntunber 
remaining  after  performing  the  above  subtraction. 

Supposeit  were  required  to  take  off  the  number  253.5.  By- 
extending  the  compares  from  the  third  division  of  the  vernier 
scale  to  the  32nd  subdivision,  the  number  253  ia  taken  off,  as 
we  have  seen.  To  take  off,  therefore,  253.5,  the  compasses 
must  be  extended  from  one  of  these  points  to  a  short  distance 
beyond  the  other.  Again,  by  extending  the  compasses  from 
the  iih  division  of  the  vernier  scale  to  the  31st  subdivi- 
sion, the  number  254  would  be  taken  off.  To  take  off  253.5, 
then  the  compasses  must  be  extended  from  one  of  these  points 
to  within  a  short  distance  of  the  other ;  and,  by  setting  the 
compasses  so  that,  when  one  point  of  the  compasses  is  set 
successively  on  the  3rd  and  4th  division  of  the  vernier  scale, 
the  otlier  point  reaches  as  &r  beyond  the  32nd  subdivision  as 
it  fidls  short  of  the  31st,  the  number  253.5  is  taken  off.  If 
the  excess  in  one  case  be  twice  as  great  as  the  defect  in  the  other, 
the  distance  represents  the  number  253§,'  or  253'66 ;  and  if  the 
excess  be  half  the  defect,  the  distance  represents  253^,  or 
253*33.  Thus  distances  may  be  set  off  with  an  accurately 
comtructed  scale  of  this  kind  to  within  the  three-hundredth 
part  of  a  primary  division,  unless  these  divisions  be  them- 
selves very  small 

We  are  not  aware  that  a  scale  of  this  kind  has  been  put 
upon  the  plain  scales  sold  by  any  of  the  instrument  makers ; 
but,  during  the  time  occupied  in  plotting  an  extensive  survey, 
the  paper  which  receives  the  work  is  affected  hy  the  changes 
which  take  place  in  the  hygrometrical  state  of  the  air,  and  the 
parts  laid  down  from  the  same  scale,  at  different  times,  will 
not  exactly  correspond,  unless  this  scale  has  been  first  laid 
down  upon  the  paper  itself,  and  all  the  divisions  have  been 
taken  from  the  scales  so  laid  down,  which  is  always  in  the  same 
state  of  expansion  as  the  plot  For  plotting,  then,  an  extensive 
survey,  and  accurately  filling  in  the  minutiae,  a  diagonal,  or 
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vernier  scale  may  advantageoualy  be  laid  down  upon  tlie  paper 
upon  which  the  plot  is  to  l>e  made.  A  vernier  scale  is  pre- 
ferable to  a  diagonal  scale,  because  in  the  latter  it  is  extreme- 
ly difBcnlt  to  draw  the  diagonals  with  accuracy,  and  we 
have  no  check  upon  its  errors ;  while  in  the  former  the  uniform 
manner  in  which  the  Etrohes  of  one  scale  separate  Arom  those 
of  the  other  is  some  evidence  of  the  truth  of  both. 

On  THE  Peotracting  SCALEa 

The  nature  of  these  scales  will  be  understood  from  the  fol- 
lowing construction.      (Plate  II.  Fig.  1.) 

With  centre  O,  and  radius  OA,  describe  the  circle  ABCD ; 
and  through  the  centre  O  draw  the  diameters  AC,  and  BD, 
at  right  angles  to  each  other,  which  will  divide  the  circle  into 
four  quadrants,  AB,  BC,  CD,  and  DA. 

Divide  the  quadrant  CD  into  nine  equal  parts,  each  of 
which  will  contain  ten  degrees,  and  these  parts  may  again  be 
subdivided  into  degrees,  and,  if  the  circle  be  sufficiently  large, 
into  minutes. 

Set  one  foot  of  the  compasses  upon  C,  and  transfer  the  divi- 
sions in  the  quadrant  CD  to  the  right  line  CD,  and  we  shall 
have  a  scale  of  Chords.* 

From  the  divisions  ui  the  quadrant  CD,  draw  right  lines 
parallel  to  DO,  to  cut  the  radius  OC,  and,  numbering  the 
divisions  from  O,  towards  C,  we  shall  have  a  scale  of  Sines. 

K  the  same  divisions  bo  numbered  from  C,  and  continued 
to  A,  we  shaU  have  a  scale  of  versed  sioes. 

*  We  gire  the  constrnotioDS  in  the  text  to  show  the  natuK  of  the  solea  ( 
but  in  practice,  a  scale  of  chordg  ia  most  accurately  constructed  by  values 
computed  from  tabulated  arithmetical  values  of  sines,  which  computed  values 
are  set  off  from  a  scale  of  equal  parta  i  and  the  circle  is  divided  most  accu- 
rately by  means  of  such  computed  chords.  The  limits  of  this  work  forbid  our 
entering  further  upon  this  interesting  subject  All  the  other  scales  will  also 
bo  most  accurately  conatmcted  from  computed  arithmetical  values,  taken  oft 
by  means  of  the  beam  compaasea  hereafter  described,  and  corrected  by  the 
aid  of  a  good  Bird's  yemier  scale. 
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From  the  centre  O,  draw  right  lines  through  the  diviBions 
of  the  quadrant  CD,  to  meet  the  line  CT,  touching  the  circle 
at  O,  and,  numbering  from  C,  towards  T,  we  shall  have  a  scale 
of  Tangente. 

Set  one  foot  of  the  compasses  upon  the  centre  O,  and  trans- 
fer the  divisions  in  CT  into  the  right  line  OS,  and  we  shall 
have  a  scale  of  Secants. 

Right  lines,  drawn  from  A  to  the  several  divisions  in  the 
quadrant  CD,  will  divide  the  radius  OD  into  a  Hoe  of  Semi- 
tangents,  or  tangents  of  half  the  angles  indicated  by  the 
numbers;  and  the  scale  may  be  continued  by  continuing  the 
divisions  from  the  quadrant  CD,  through  the  quadrant  DA, 
and  drawing  right  lines  from  A,  through  these  divisions  to 
meet  the  radius  OD,  produced. 

Divide  the  quadrant  AD  into  eight  equal  parts,  subdivide 
each  of  these  into  four  equal  parts,  and,  setting  one  foot  of 
the  compasses  upon  A,  transfer  these  divisions  to  the  right  line 
AD,  and  we  diall  have  a  scale  of  Rhumbs. 

Divide  the  radius  AO  into  60  equal  parts,  and  number  them 
from  O  towards  A;  through  these  divisions  draw  right  lines 
parallel  to  the  radius  OB,  to  meet  the  quadrant  AB;  and,  with 
one  foot  of  the  compasses  upon  A,  transfer  these  divisions  from 
the  quadrant  to  the  right  line  AB,  and  we  shall  have  a  scale 
of  Longitudes. 

Place  the  chord  of  60°,  or  radius,*  between  the  radii  DC 
and  OB,  meeting  them  at  equal  distances  iroia  the  centre ;  di- 
vide the  quadrant  CB  into  six  equal  parts,  for  intervals  of 
hoTirs,  subdividing  each  of  these  parts  into  12  for  intervals 
of  5  minutes,  and  further  subdividing  for  single  minutes  if  the 
circle  be  large  enough;  and  from  the  centre  O,  draw  right 
lines  to  the  divisions  and  subdivisions  of  the  quadrant,  inter- 
secting the  chord  or  radius  placed  in  the  quadrant;  and  we 
sliall  have  a  scale  of  Hours. 


•  Chord  of  60°  is  equal  to  radius.    Purt  L  Chop.  2,  Hieor.  U. 
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Prolong  the  toaching  line  TC  to  L;  set  off  the  scale  of 
sinea  from  C  to  L:  draw  right  lines  fit)m  the  centre  O  to  the 
divisions  upon  CL,  and  from  the  intersections  of  these  lines 
with  the  quadrant  CB  draw  right  lines  parallel  to  the  radius 
OC,  to  meet  the  radius  OB,  and  we  shall  have  a  scale  of  Lati- 
tudes.* 

Corresponding  lines  of  hours  and  latitudes  may  also  be  con- 
structed (as  represented  in  our  figure)  more  simply,  and  on  a 
scale  twice  as  large  as  by  the  preceding  method,  as  follows: 

With  the  chord  of  i5°  set  off  from  B  to  E,  and  again  from 
B  to  F,  we  obtain  a  quadrant  EF  bisected  in  B;  and,  the 
chord  of  60°  or  radius  being  set  off  from  A,  C,  F,  and  E,  this 
quadrant  is  divided  into  six  equal  parts.  From  the  centre  O, 
draw  straight  lines  through  these  divisions  to  meet  the  line 
'touching  the  circle  at  B,  and  we  shall  have  the  line  of  Hours. 

From  the  point  D,  draw  right  lines  through  the  divisions 
upon  &e  line  of  sines  OC,  to  meet  the  circomterence  BC, 
and  transfering  these  divisions  from  B,  as  a  centre  to  the  chord 
BO,  we  shall  have  the  corresponding  line  of  Latitudes. 

It  is  not  necessary  that  these  scales  should  all  be  projected 
to  the  same  radios;  but  those  which  are  used  together,  as  the 
rhumbs  and  chorda,  the  chords  and  longitudes,  the  sines,  tan- 
gents, secants,  and  semi-tangents,  and,  lastly,  the  hours  and 
latitudes,  must  be  so  constructed  necessarily.  In  the  diagram 
(Plato  IL  Fig.  2)  we  have  laid  down  the  hours  and  latitudes 
to  a  radius  equal  to  the  whole  length  of  the  scale,  the  other 
lines  being  laid  down  to  the  radius  used  in  the  foregoing  con- 
struction. 


*  Hie  line  of  l&titudea  is  » tine  of  aines,  to  nditu  equal  the  whole  lengLh 
of  the  liniB  of  hours,  of  the  angles,  of  which  the  tangenla  are  equal  to  the 
Bines  of  the  latilades.  The  middle  of  the  hour  line  being  numbered  for  three 
o'clock,  the  divisions  for  the  other  hours  are  fonnd  by  setting  off  both  ways 
from  the  middle  the  tangents  of  n.  I5°,ii.  being  the  number  of  hours  from 
three  o'clock,  that  is,  one  for  two  o'clock,  and  four  o'clock,  two  for  one 
o'clock  and  five  o'clock,  and  three  for  twelre  o'clock  and  eix  o'clock. 
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The  Line  of  Chordi  is  used  to  set  off  an  angle,  or  to  n 
an  angle  already  laid  down.     (Page  29,  30.) 

The  Line  of  Rhumbs  is  a  scale  of  the  chords  of  the  angles  of 
deviation  from  the  meridian  denoted  by  the  several  points  and 
qnairter  pointa  of  the  compass,  enabling  the  navigator,  without 
computation,  to  lay  down  or  measure  a  ship's  course  upon  a 
chart.  Thus,  supposing  the  ship's  course  to  be  N.N.E.  %  E. 
Through  the  point  A,  representing  the  ship's 
place  upon  the  chart,  draw  the  meridian  AB, 
and  with  c^itre  A  and  distance  equal  to  the 
extent  of  60°  upon  the  line  of  chords,  describe 
an  arc  cutting  AB  in  B;  then  on  the  line  of 
rhumbs  take  the  extent  to  the  tihird  subdivision 
beyond  the  division  marked  2,  because  N.N.E. 
is  the  second  pomt  of  the  compass  from  the 
north,  and  with  one  foot  of  the  compasses  on  B  describe  an 
arc  intei^ectlng  BO  in  0 :  join  AC,  and  the  angle  BAG  will 
represent  the  ship's  course.  On  the  other  hand,  if  a  ship  is 
to  be  sailed  from  the  point  A  to  a  point  on  tlie  line  AC  on  a 
chart,  draw  the  meridian  AB,  describe  an  arc  BO  with  radius 
equal  to  the  chord  of  60»,  as  before,  and  the  extent  from  B  to  C, 
applied  to  the  line  of  rhumbs,  will  ^ve  2  Pts.  3  Qrs.,  denoting 
that  the  ship  must  be  sailed  by  the  compass  N-KR  \  £. 

The  Imk  of  Lim^tudet  shows  the  number  of  equatorial  miles 
in  a  degr^  of  longitude  on  the  parallels  of  latitude  indicated 
by  the  degrees  on  the  corresponding  points  of  the  line  of  chords. 

Example. — A  ship  in  latitude  60°  N.  atuling  E.  79  miles, 
required  the  difference  of  longitude  between  the  beginning  and 
end  of  her  course.  Opposite  60  on  the  line  of  chord  stands  30 
on  the  line  of  lon^tades,  which  is,  therefore,  the  number  of 
equai^irial  miles  in  a  degree  of  longitude  at  that  latituda 

Hence,  as  30  :  79  "  60  :  158  miles,  the  required  difference 
of  longitude. 

The  Lines  of  Sines,  Secants,  Tangents,  and  Semi-tanffettU 
are  principally  used  for  the  several  projections,  or  perspective 
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representations,  of  the  circles  of  the  sphere,  by  means  of  which 
maps  are  constmcted.  Thus,  the  meridians  and  pai^els  of 
latittide  being  projected,  the  countries  intended  to  be  repre- 
sented are  traced  out  according  to  their  respectire  situations 
and  extent,  the  position  of  every  point  being  determined  by  the 
intersection  of  its  given  meridian  and  parallel  of  latitade. 

Mahquois'  Scales. 

These  scales  consists  of  a  right-angle  triangle,  of  which  the 

hypothennse  or  longest  side  is  three  times  the  length  of  the 

shortest,  and  two  rectangular  rules.  The  accompanying  diagram 

represents  the  triangle  and  one  of  the  rules,  as  being  used  to  draw 


a  aeries  of  parallel  lines.  Either  mle  is  one  foot  long,  and  has, 
parallel  to  each  of  its  edges,  two  scales,  one  placed  close  to  the 
edge  and  the  other  immediately  within  this,  the  outer  being 
termed  the  artificial,  and  the  inner,  the  natural  scale.  The  divi- 
sions upon  the  outer  scale  are  three  times  the  length  of  those 
upon  the  inner  scale,  so  as  to  bear  the  same  proportion  to  each 
other  that  the  longest  side  of  the  triangle  hears  to  the  shortest. 
Each  inner,  or  natural  scale,  is,  in  fact,  a  simply  divided 
scale  of  equal  parts  having  the  primary  divisions  num- 
bered from  the  left  hand  to  the  right  throughout  the  whole 
extent  of  the  rule.  The  first  primary  division  on  the  left  hand 
is  subdivided  into  ten  equal  parts,  and  the  number  of  these 
subdivisions  in  an  inch  is  marked  underneath  the  scale,  and 
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gives  it  its  Bame.  On  one  of  the  pair  of  Marquoia'  scales  now 
before  tis,  we  have,  on  one  face,  scales  of  30  and  60,  on  the 
obT^^e,  scales  of  25  and  50,  and  on  the  other  we  have  on  one 
iace  scales  of  35  and  4S,  and  on  the  obverse,  scales  of  20  and  40. 
In  the  artifical  scales  the  zero  point  is  placed  in  the  middle  ctf 
the  edge  of  the  rule,  and  the  primary  divisicms  are  numbered 
both  ways  from  thia  point  to  the  two  ends  of  the  mle,  and  are 
every  one,  subdivided  into  ten  equal  parts,  each  of  which  is, 
consequently,  three  times  the  length  of  a  subdivision  of  the 
corresponding  natural  scale. 

The  triangle  has  a  short  line  drawn  perpendicular  to  the 
hypothenuse  near  the  middle  of  it,  to  serve  as  an  indez  or 
pointer ;  and  the  longest  of  the  othw  two  sides  has  a  sloped  edge. 

To  draw  a  Line  parallel  to  a  given  Line,  at  a  given  Distance 
from  it.  I  st  Having  applied  the  given  distance  to  the  one  of 
the  natural  scales  which  is  found  to  measure  it  most  con- 
veniently, place  the  triangle  with  its  sloped  edge  coincident 
with  the  given  line,  or  rather  at  such  small  distance  from  it, 
that  the  pen  or  pencil  passes  directly  over  it  when  drawn  along 
this  edge.  2nd.  Set  the  rule  closely  against  the  hypothenuse, 
making  the  zero  point  of  the  corrraponding  artificial  scale 
coincide  with  the  Index  upon  the  triangle.  3rd.  Move  the  tri- 
angle along  the  rule,  to  tlie  left  or  right,  according  as  the  re- 
qu^ed  line  is  to  be  above  or  below  the  given  line,  until  the 
index  coincides  with  the  division  or  subdivision  corresponding 
to  the  number  of  divisions  or  subdivisions  of  the  natural  scale, 
which  measures  the  given  distance ;  and  the  line  drawn  along 
the  sloped  edge  in  its  new  position  will  be  the  line  required." 

•  If  ABC  represent  the  triuigle  in  its  new  poaititHi,  and  the  dotted  lines 

repreaent  its  ori^nitl  position,  we  have, 
by  similar  triangles,  ABC,  A' AD, 


and  therefore  AD  contains  as  many 
dirisions  of  the  natural  as  AA'  con- 
tains of  the  arUfic'al  scale. 
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Note. — The  natural  scale  may  be  osed  advantageoosty  in 
setting  ofiFthe  distances  in  a  drawing,  and  the  corresponding 
artificial  scale  in  drawing  parallels  at  required  distances. 

To  draw  a  Line  perpendicular  to  a  given  Line  from  a  given 
point  in  it.  1st,  Make  the  shortest  side  of  the  triangle  coin- 
cide with  the  given  line,  and  apply  the  role  closely  against 
the  hypothennse.  2nd.  Slide  the  triangle  along  the  rule  until 
a  line  drawn  along  the  doped  edge  passes  through  the  given 
point ;  and  the  line  so  drawn  will  be  the  line  required. 

The  advantages  of  Marquois'  scales  are:  1st,  that  the  sight 
is  greatly  assbted  by  the  divisions  on  the  artifical  scale 
being  so  much  larger  than  those  of  the  natural  scale  U>  which 
the  drawing  is  constructed :  2nd,  that  any  error  in  the  setdng 
of  the  index  [adduces  an  error  of  but  one-third  the  amount 
in  the  drawing. 

If  lie  triangle  he  accurately  constmcted,  these  scales  may 
be  advantageously  used  for  dividing  lines  with  accuracy  and 
despatch. 

Pi^TTiNG  Scales. 

Fi^TTiNG  scales,  also  called  feather-edge  scales,  are  straight 
mles,  usually  about  ten  or  twelve  inches  long.  Each  rule 
has  scales  of  equal  parts,  decimally  divided,  placed  upon  its 
edges,  which  are  made  sloping,  so  that  the  extremities  of  the 
strokes  marking  the  divisions  lie  close  to  the  paper.  The 
primary  divisions  represent  chains  and  the  subdivisions,  con- 
sequently, ten  links  each,  as  there  are  100  links  on  the  sur- 
veying cham.  Plotting  scales  may  be  procured  in  sets,  each 
with  a  different  number  of  chains  to  the  inch. 

The  advantages  of  this  arrangement  are,  that  the  distances 
required  can  be  transferred  with  great  expedition  from  the 
scale  to  the  paper  by  the  aid  of  the  pricking  point  alone,  and 
the  marks  denoting  the  divisions  are  in  no  danger  of  becoming 
defaced,  as  upon  the  plain  scale,  by  the  frequent  application 
of  the  compasses. 
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For  plotting  ofisets,  meunred  to  the  riglit  and  left  of 
Bttttion  lines,  ivory  or  brass  scales  with  fiducial  edges  may  be 
employed. 
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The  above  diagram  represents  an  ingenious  contrivance  for 
an  offset  scale ;  the  graduated  scale.  A,  A,  is  perforated  nearly 
its  whole  length  by  a  dovettul-shaped  groove,  for  the  reception 
of  a  sliding  piece  which  is  fastened  to  the  cross  scale,  B,  B,  by 
the  screw,  C.  It  will  readily  be  understood  6rom  an  inspection 
of  the  figure,  that  the  cross  scale,  B,  slides  along  the  scale.  A, 
the  whole  length  of  the  groove,  and  at  right  angles  to  it. 
The  graduations  on  both  the  scal^  represent  eith«  feet  or 
links,  &C.,  or  whatevw  length  may  have  been  assumed  as  the 
unit  in  the  operation  of  measuring.  The  mode  of  its  applica- 
tion ia  simply  this:  place  the  scale.  A,  A,  on  the  paper,  parallel 
to  the  line  on  which  tl^  ofisets  are  to  be  plotted,  and  at  such 
a  distajice,  that  the  zero  division  on  the  cross  scale,  B,  (which 
is  placed  about  its  middle)  may  coincide  with  it  as  the  scale 
slides  ^ong,  and  also  that  the  zero  of  the  scale.  A,  may  be 
exactiy  opposite  that  end  of  the  line  at  which  the  measure- 
ment commenced;  then,  in  sliding  the  scale,  B,  from  the 
be^nning  of  the  line,  stop  it  at  every  divisional  line  on  A, 
corresponding  to  the  distance  on  the  station  line  at  which  an 
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off-set  was  taken,  and  lay  off  the  exact  length  of  the  off-set 
from  the  edge  of  the  scale,  B,  either  to  the  right  or  left  of  the 
station  line,  to  which  it  will  be  at  right  angles  as  taken  in  the 
field;  the  instnunent  thns  gives  both  dimensions  at  the  same 
time.  It  is  perhaps  needless  to  add,  that  the  extremities  of 
the  off-sets  being  connected,  will  represent  the  curved  line,  &c. 
to  which  they  were  measured ;  weights  may  he  placed  at  the 
two  ends  of  the  scale.  A,  A^  to  keep  it  steadily  in  its  position. 
In  our  figure,  the  instrument  is  represented  as  in  the  act  of 
plotting  off-sets  upon  a  station  hne. 

It  may  be  useful  here  to  add  a  few  remarks  on  the  scales 
used  in  plotting  a  survey. 

One  Chain  to  an  inch  (80  inches  to  1  mile)  is  perhaps  the 
largest  scale  used  in  plans  of  land  and  road  sur\-eys,  and  is 
adopted  only  where  great  clearness  is  required,  and  when  the 
work  is  of  limited  extent.  It  is  a  very  useful  scale  for  plans 
of  building  or  pleasure  grounds. 

Two  Chains  to  an  inch  (40  inches  to  1  mile)  is  a  very  clear 
scale  for  land  surveys,  the  extent  of  which  is  not  very  great. 
It  may  likewise  be  used  with  advantage  for  gardens  and  build- 
ing grounds. 

Three  Chains  to  an  inch  (26f  inches  to  I  mile)  has  hitherto 
not  been  in  very  general  use,  it  is,  however,  the  smallest  scale 
that  can  with  safety  be  used  in  all  cases  for  plans,  from  which 
the  contents  are  to  be  computed. 

Four  Ch^us  to  an  inch  (20  inches  to  1  mile)  ii  a  scale 
frequently  em[Joyed  in  plotting  surveys  of  estates,  and  ia 
very  convenient  for  either  ^argement  or  reduction. 

Smaller  scales  are  usually  employed  in  extensive  operations : 
6  inches  to  1  mile  is  a  large  scale  for  the  survey  of  a  di^ict, 
4  inches  to  1  mile  is  the  scale  used  on  the  Revenue  surveys  for 
Village  maps ;  1  inch  to  1  mile  for  Fergumiah  m^>B,  and  in 
the  Etevenue  Surveyor  Goieral's  Office,  in  the  compilation  of 
the  Geographical  mapc,  4  miles  to  1  inch  ia  made  use  o£ 
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CHAPTER  IX. 


Insteuments  foe  Pixjtting  a  SnavEY. 

In  plotting  a  Survey,  as  in  taking  it,  due  regard  must  be 
had  to  both  accuracy  aad  despatch,  and  we  should  aim  to  lay 
down  the  various  points  observed  with  an  accuracy  propor- 
tionate to  the  accuracy  of  the  survey  itself.  For  tliis  piurpose 
certain  instruments  are  used,  a  short  description  of  which  we 
will  here  giv& 

Op  the  Peotbactoh. 

This  is  an  instrument  used  to  protract,  or  lay  down  an  angle 
containitig  any  number  of  degrees,  or  to  iind  how  many  degrees 
are  contained  in  any  given  angle.  There  are  two  kinds  put  into 
cases  of  mathranatical  drawing  instruments,  one  in  the  form  of 
a  semicircle,  the  other  in  the  form  of  a  parallelogram.  The 
circle  is  undoubtedly  the  only  natural  measure  of  angles; 
when  a  straight  line  is  therefore  used,  the  divisions  thereon 
are  derived  from  a  drcle,  or  its  properties,  and  the  straight 
line  is  nmde  use  of  for  some  relative  convenience :  it  is  thus 
the  parallelogram  is  often  used  as  a  protractor,  instead  of  the 
semicircle,  because  it  is  in  some  cases  more  convenient,  and 
that  other  scales,  &c,  may  be  placed  upon  it 
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.  The  SEMiciBctTLAB  Photbactor. 
This  instnunait  is  divided  into  180  equal  parts  or  degrees 
Trhich  are  nnmbered  at  every  tenth  degree  each  way,  for  the 
convenience  of  reckoning  either  from  the  right  towards  the  left 
or  irom  the  left  towards  the  right ;  or  the  more  easily  to  lay 
down  an  angle  from  either  end  of  the  line,  beginning  at  each 
end  with  10,  20,  &c.,  and  proceeding  to  180  degrees.  The 
edge  is  the  diameter  of  the  semicircle,  and  the  mark  in  the 
middle  points  out  the  centre. 


The  Rectangulab  Pbotbactob, 
The  divisions  are  here  as  in  the  semicircnlar  one  numbered 
both  ways;  the  blank  side  represents  the  diameter  of  a  circle. 
The  side  of  tlie  protractor  to  be  applied  to  the  paper  is  made 
flat,  and  that  whereon  the  degrees  are  marked,  is  chamfered 
or  sloped  away  to  the  edge,  that  an  angle  may  be  more  easily 
measored,  and  the  divisions  set  off  with  greater  exactness. 
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Application  op  the  Pboteactob  to  use. 

A'  number  of  degrees  being  given,  to  protract,  or  lay  down  an 
angle  tohose  measure  shall  be  equal  thereto. 

To  lay  down  an  angle  of  60  de-  \ 

grees  from  the  point  A  of  any  line  \ 

AB,  apply  the  diameter  of  the  pro-  \ 

tractor  to  the  line  AB,  so  that  the  \ 

centre  thereof  may  coincide  exactly 


with  the  point  A;  then  with  a  pro-  «  ~ 
tracting  pin  make  a  fine  dot  at  C  against  60  upon  tlie  limb 
of  the  protractor,  now  remove  the  protractor  and  draw  a  line 
from  A  through  the  point  C,  and  the  angle  CAB,  cont^uns 
the  given  nomber  of  degrees. 

To  find  the  number  of  degrees  contained  in  a  given  angk 
BAC. 

Place  the  centre  of  the  protractor  upon  the  angular  point  A, 
and  the  fiducial  edge,  or  diameter,  exactly  npon  the  line  AB ; 
then  the  degree*  upon  the  limb  that  is  cut  by  the  line  GA, 
will  be  the  measure  of  the  given  angle,  which,  in  the  present 
instance,  is  found  to  be  60  degrees. 

From  a  given  point  A,  in  the  line  AB,  to  erect  a  perpendicular 
to  tltat  line. 

Apply  ihs  protractor  to  the  line  AB,  so  that  the  centre 
may  coincide  with  the  pmnt  A,  and  the  division  marked  90 
may  be  cut  by  the  line  AB,  then  a  line  DA  drawn  against 
the  diameter  of  the  protractor  will  be  perpendicular  to  AB. 


The  Cibculab  Peotbactos. 

The  circular  protractor  is  a  complete  circle.  A,  A,  connected 
with  its  centre  by  four  radii  a,  a,  a,  a.  The  centre  is  left  open, 
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and  surrounded  by  a  concentric  ring,  or  collar,  b,  which  carries 
two  radial  bars,  c,  e.  To  the  extremity  of  one  bar  ia  a  pinion 
df  working  in  a  toothed  rack  quite  round  the  outer  circumfer- 
ence of  the  protractor.  To  the  opposite  extremity  of  the 
other  bar,  c,  is  fixed  a  vernier,  which  subdivides  the  primary 


divisions  on  the  protractor  to  single  minntes,  and  by  estima- 
tion to  30  seccmds.  This  vernier,  as  may  readily  be  under- 
stood &om  the  engraving,  is  carried  round  the  protractor  by 
turning  the  jHnion  d.  Upon  each  radial  bar,  c,  c,  is  placed  a 
branch  «,  «,  carrying  at  their  extremities  a  fine  tieel  pricker 
whose  points  are  kept  above  the  Bur&ce  a!  the  paper  by 
springs  placed  under  their  supports,  which  ^ve  way  when  the 
branches  are  pressed  downwards,  an<]  allow  the  points  to  make 
the  neccessary  punctures  in  the  paper.  The  branches  e,  e  axe 
attached  to  the  bars  c,  c,  with  a  joint  which  admits  of  their 
being  folded  backwards  over  the  instrument  when  not  in  use, 
and  fi>r  packing  in  its  case.  The  centre  of  the  instrument  is 
represented  by  the  intersectioa  of  two  lines  drawn  at  right 
angles  to  each  other  on  a  piece  of  plate  glass,  which  enables 
the  person  using  it  to  place  it  so  that  the  coitre,  or  intersec- 
tion of  the  cross-lines,  may  coincide  with  any  ^ven  point  on 
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the  plan.  If  the  instrament  is  In  correct  order,  a  line  con- 
necting the  fine  pricking  points  with  each  other  would  pass 
througli  the  centre  of  the  instrument,  as  denoted  by  the 
before-mentioned  intersection  of  the  cross-lines  upon  the 
glass,  which  it  may  be  observed,  are  drawn  so  nearly  level 
with  the  under  snr&ce  of  the  instrument  as  to  do  away  with 
any  serious  amount  of  parallax,  when  setting  the  instrument 
over  a  point  &om  which  any  angular  lines  are  intended  to  be 
drawn. 

In  using  this  mstrument  the  vernier  should  first  be  set 
to  zero  (or  the  division  marked  360)  oa  the  divided  limb 
and  then  placed  on  the  paper,  so  that  the  two  fine  steel 
points  may  be  on  the  given  line  (from  whence  other  and 
angular  lines  are  to  be  drawn),  and  the  centre  of  the  in- 
strument coincide  with  the  ^ven  angular  point  on  such 
line.  This  done,  press  the  protractor  gently  down,  which 
will  fix  it  in  position  by  means  of  very  fine  points  on  the 
under  side.  It  is  now  ready  to  lay  oflF  the  ^ven  angle, 
or  any  number  of  angles  that  may  be  required,  which  is 
done  by  taming  the  pinion  d  till  the  opposite  vernier  reads 
the  required  angle.  Then  press  downwards  the  branches 
e,  e  which  will  cause  the  points  to  make  pimctiirea  in  the 
paper  at  opposite  sides  of  the  circle;  which  being  aiter- 
wards  connected,  the  line  will  pass  through  the  given  angu- 
lar point,  if  the  instrament  w^  first  correctly  set  In  this 
manner,  at  one  setting  of  the  instrument,  a  great  number 
of  angles,  or  a  complete  circular  protractor,  may  be  laid 
ofi'  &om  the  same  point 


The  Cibculab  "  Talc"  Peotbactoe. 

A  VERT  serviceable  protractor  can  be  made  in  the  following 
manner,  especially  for  field-work : 
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Draw  on  a  piece  of  paper>  a  protractor,  as  in  the  above 
figure,  and  of  the  same  size ;  cat  out  the  circle  and'  the 
part  marked  A,  and  Btick  the  remainder  with  a  little  clean 
paste  between  two  thin  pieces  of  talc ;"  when  dry,  cut  the  talc 
with  a  p£ur  of  scizzors,  to  the  shape  of  the  exterior  circle.  Be- 
fore sticking  on  the  upper  piece  of  talc,  draw,  on  the  lower 
piece  by  scratching,  with  a  needle  or  point  of  a  pricker,  the 
North  and  South,  and  East  and  West  lines,  intersecting  one 
another  in  the  centre ;  rut  these  two  lines  over  with  amixture  of 
black  lead  and  oil  which  will  leave  on  indelible  mark,  and  which 
cannot  be  effaced,  being  protected  by  the  upper  piece  of  talc 

*  We  itronglj  recommend  to  the  notiee  of  all  SarreyorB  the  mioertil  lab- 
aUoce  called  "  Talc"  it  is  procurable  in  nearly  ever;  Bazar  in  India,  and  is 
most  tuefol,  generillj,  where  cleanliness  is  an  object,  for  sticking  tf  the  hot- 
tom  of  scales,  rules,  weights,  and  indeed  anything  thst  has  to  be  moved  about 
the  surface  of  paper  or  maps  of  any  kind. 
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The  most  economical  and  the  least  troublraome  way  of  pre- 
paring the  above  protractors,  is  to  draw  one  very  carefully  on 
a  piece  of  paper,  and  get  it  lithograplied ;  two  or  three  rupees 
woidd  pay  for  striking  off  a  hundred,  and  mcluding  the  price 
of  as  much  talc  as  would  be  sufficient  to  cover  them  all,  they 
would  cost  the  Surveyor  about  one  aona  each,  and  jjte  a  ten 
year's  snpply  to  him. 

The  T  Sqdaee  and  Semicieculab  Peotractob. 

Wb  cannot  speak  too  highly  of  a  meUiod  by  which  a  survey 


can  be  most  expeditiously  as  well  as  accuraldy  plotted,  by  means 
of  the  T  square  and  semicircular  protractor,  the  manner  of  using 
which  is  thus  described  by  Mr.  Hewlett,*  in  vol.  i.  of  Papers 
on  Subjects  connected  with  the  Duties  of  the  Royal  Engineers : — 
"  As,  when  away  from  home,  it  seldom  happens  that  the 
surveyor  can  obtain  a  good  drawing  board,  or  even  a  table 
with  a  good  straight  edge,  I  fix  a  flat  ruler,  A,  to  the  table 
B,B,  B,  by  means  of  a  pair  of  clamps,  C,  D,  and  against  this  ruler 
I  work  the  pattern  square  E,  one  side  of  which  has  the  stock 

*  Chief  draughtaman,  Bo)'a1  Ordnuice  Office. 
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flosli  with  the  blade ;  or,  if  a  stniightxdged  board  be  at  hand, 
then  the  square  may  be  turned  over,  and  used  agfunst  that 
edge  ioBtead  of  the  ruler  A.  Here,  then,  is  the  most  perfect 
kind  of  parallel  ruler  that  art  can  produce,  capable  of  carrying 
the  protractor  over  the  whole  of  a  sheet  of  plotting  paper  of 
any  size,  and  may  be  used  upon  a  table  of  any  form.  It  is 
conveni^it  to  suppose  the  north  on  the  left  hand,  and  the  upper 
edge  of  the  blade  to  represent  the  meridian  of  the  station. 

"  This  protractor  is  held  in  the  hand  while  the  vernier  is 
set,  which  is  an  immense  comfort  to  the  sight  -,  and  it  will  be 
seen  that,  as  both  sides  of  the  arm  are  parallel  with  the  zero 
and  CMitre,  the  angle  may  be  drawn  on  the  paper  against  either 
dde,  as  the  light  or  other  circumstances  may  render  desirable." 

From  this  description  and  a  mere  glance  at  the  plate,  it  is 
clear  that  angles  taken  with  the  theodolite  can  bo  transferred 
to  the  plot  as  accurately  as  the  protractor  can  be  set;  namely, 
to  a  single  minute,  and  that,  too,  in  a  rapid  and  pleasant  mamier. 

These  drawing  boards  and  T  squares  are  in  use  in  some  of 
the  Bevenae  Surveys,  they  are  well  adapted  for  Natives,  and 
more  particularly  for  such  as  are  unable  to  understand  the 
correct  method  of  keeping  a  Field  Book.  The  T  rule  however 
is  generally  made  to  slide  along  the  edge  of  the  drawing  board, 
the  rule  having  a  projecting  shoulder  for  the  purpose.  The 
method  of  using  them,  with  the  circular  protractor,  will  here- 
after be  more  particularly  noticed. 

The  Pbntageaph. 
The  Pentagraph  con«sts  of  four  rulers,  AB,  AC,  DF,  and 
EF,  made  of  atont  brass.  The  two  longer  rulers,  AB,  and  AC, 
are  connected  together  by,  and  have  a  motion  round  a  centre 
at  A.  The  two  shorter  rulers  are  connected  in  like  manner 
with  each  other  at  F,  and  with  the  longer  rulers  at  D  and  E, 
and,  being  equal  in  length  to  the  portions  AD  and  AE  of  the 
longer  rulers,  form  with  them  an  accurate  parallelogram, 
ADFE,  in  every  position  of  the  instrument  Several  ivory 
castors  support  the  instrument,  parallel  to  the  paper,  and  allow 
it  to  move  fteely  over  it  in  all  directions.  The  arms,  AB  and 
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DF,  are  graduated  ani  marked  jj  |,  &c,  and  have  each  a 
sliding  index,  which  can  be  fixed  at  any  of  tlie  divisions  by  a 
milled-headed  clamfung  screw,  seen  in  the  engraving.  The 
sliding  indices  have  each  of  them  a  tube,  adapted  either  to 
slide  on  a  pin  rising  &om  a  heavy  circular  weight  called  the 
fulcrum,  or  to  receive  a  sliding  hcJder  with  a  pencil  or  pen, 
or  a  blunt  tracing  point,  as  may  be  required. 

When  the  instrument  is  correctly  set,  the  tracing  point,  pen- 
cil, and  fulcrum  will  be  in  one  straight  line,  as  shown  by  the 
dotted  line  in  the  figure.  The  motions  of  the  tracing  point  and 
pencil  are  then,  each  compounded  of  two  circular  motiouB,  one 
about  the  fulcrum,  and  the  other  about  the  joints  at  the  ends 
of  the  miers  upon  which  they  are  respectively  placed.  The 
radii  of  these  motions  form,  sides  about  equal  angles  of  two 
similar  triangles,  of  which  the  straight  line  BC,  passing  through 
the  tracing  point,  pencil,  and  fulcrum,  forms  the  third  sides. 
The  distances  passed  over  by  the  tracing  point  and  pencil,  in 
consequence  of  either  of  these  motions,  have  then  the  same 
ratio,  and,  therefore,  the  distances  passed  over  in  consequence 
of  the  combination  of  the  two  motions  have  also  the  same  ratio, 
which  is  that  indicated  by  the  setting  of  the  instrument 
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Our  diagram  represents  the  pentagraph  in  the  act  of  re- 
ducing a  plan  to  a  scale  of  half  the  original  For  this  pur- 
pose the  sliding  indices  are  first  clamped  at  the  divisions  upon 
the  arms  marked  i ;  the  tracing  point  is  then  fixed  in  a  socket 
at  C,  oyer  the  original  drawing ;  the  pencil  is  next  placed  in 
the  tube  of  the  sliding  index  upon  the  ruler  DF,  over  the 
paper  to  receive  the  copy ;  and  the  falcnun  is  fixed  to  that  at 

B,  upon  the  ruler  AB.  The  instrument  being  now  ready  for 
use,  if  the  tracing  point  at  C  be  passed  delicately  and  steadily 
over  every  line  of  the  plan,  a  true  copy,  but  of  one-half  the 
scale  of  the  original,  will  be  marked  by  the  pencil  on  the 
paper  beneath  it.  The  fine  thread  represented  as  passing  &om 
the  pencil  quite  round  the  instrument  to  the  tracing  point  at 

C,  enables  the  draughtsman  at  the  tracing  point  to  raise  the 
pencil  from  the  paper,  whilst  he  passes  the  tracer  from  one 
part  of  the  original  to  another,  and  thus  to  prevent  false  lines 
from  being  made  on  the  copy.  The  pencil  holder  is  surmount- 
ed by  a  cup,  into  which  sand  or  shot  may  he  put,  to  press  the 
pencil  more  heavily  on  the  paper,  when  found  necessary. 

If  the  object  were  to  enlarge  the  drawing  to  double  its  scale, 
then  the  tracer  must  be  placed  upon  the  arm  DF,  and  the  pen- 
cil at  C ;  and,  if  a  copy  were  required  of  the  same  scale  as  the 
original,  then,  the  sliding  indices  still  remaining  at  the  same 
divisions  upon  DF,  and  AB,  the  fulcrum  must  take  the  middle 
station,  and  the  pencil  and  tracing  point  those  on  the  exterior 
arms,  AB  and  AC,  of  the  instrument 
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ON  SURVEYING. 

CHAPTER  I. 

Peeliminabt  Resiaeks  on  SuKTEriNG  IN  Gbhbbal 
AND  First  Principles. 

The  ^Practice  of  Surreying  may  be  considered  as  diTided 
into  two  branclies,  viz.,  such  as  is  conducted  on  the  principles 
of  Spherical  Trigonometry,  and  sach  as  is  carried  on  hy  the 
rales  of  Plane  Trigonometry. 

For  the  first,  a  very  considerahle  acqn^tanee  with  Ma- 
thematics is  essentially  necessary,  but  for  the  second,  a 
sufficient  degree  of  perfection  may  be  obtained  by  a  compe- 
tent knowledge  of  the  rales  of  Plane  Trigonometry. 

The  latter  consists  of  four  parts,  viz. : 

1st.     Measuring  stnught  lines. 

2nd.  Folding  the  position  of  these  straight  lines  with  re- 
spect to  each  other. 

3rd.  Laying  down  or  planning  upon  paper  their  positions 
and  measurements. 

4tb.  Obtaining  the  superScial  measure  or  area  of  the  laud 
surveyed. 

Land  Surveying  may  therefore  be  defined  as  the  art  which 
teaches  us  to  find,  how  many  times  any  customary  measure 
is  contained  in  a  given  piece  of  ground,  and  to  delineate  the 
true  boundaries  thereof  in  a  Han  or  Map,  in  such  a  manner, 
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that  the  horizontal  dimensions  of  the  feature  of  tiie  earth, 
may  be  measured  by  means  of  a  scale,  such  as,  territorial 
bonndariea,  rirers,  lakes,  roads,  hills,  forests.  Sec 

There  are  only  two  distinct  methods,  bj  which  the  dimen- 
rions  of  any  piece  of  land  can  be  taken,  viz. : 

1st     By  the   Chain  only. 

2nd.     By  the  Chain  accompanied  with  angular  instruvuntt. 

Likewise  there  are  only  two  distinct  methods,  by  which  the 
area  or  content  of  any  piece  of  land  can  be  ascertained,  viz. : 

1st.     Arithmetically. 

2nd.  Geometrically,  by  measuring  distances  on  its  graphic 
representation. 

As  in  the  former,  there  are  various  ways  of  applying  the 
two  methods  in  practice,  so  in  the  latter,  the  means  are  equal- 
ly at  disposal. 

"  The  basis  of  an  accurate  survey,  undertaken  either  for 
any  extensive  geodesical  operation,  such  as  the  measurement 
of  an  arc  of  the  meridian,  or  of  a  parallel ;  or  lor  the  formation 
of  a  territorial  map,  showing  the  positions  of  towns,  villages, 
&c,  and  the  boundaries  of  estates  and  coimties;  or  a  topogra- 
phical plan  for  military  or  statistical  purposes,  must  necessarily 
be  an  extended  system  of  triangnlation,  the  preliminary  step 
in  which  is  the  careful  measurement  of  a  base  line  on  some 
level  plain :  at  each  extremity  of  this  base,  angles  are  taken  to 
several  surrounding  objects  previously  fixed  upon  as  trigono- 
metrical stations ;  and  also,  when  practicable,  the  angles  snln 
tended  at  each  of  these  points  by  the  base  itself.  The  distances 
of  these  stations,  from  the  ends  of  the  base  line  and  from  each 
other,  are  then  calculated,  and  laid  down  on  paper,  forming  so 
many  fresh  bases  from  whence  other  trigonometrical  points  are 
determined,  until  the  entire  tract  of  country  to  be  surveyed  is 
covered  over  with  a  net-work  of  triangles  of  as  lai^  a  size  as 
is  proportioned  to  the  contemplated  extent  of  the  survey,  and 
the  quality  and  power  of  the  instrnments  employed.  Wi^in 
this  principal  triangnlation  secondary  triangles  are  formed. 


jM,Cooglc     


232 

and  laid  down  in  like  manner  by  calcidation ;  and  the  interior 
detiul  is  filled  up  between  these  points,  either  entirely  by  mea- 
aurement  with  the  Chain  and  Theodolite,  or  by  partial  mea- 
snrement  [principally  of  the  roads,]  and  by  sketehing  the 
remainder  with  the  assistance  of  some  portable  instrument. 

"  In  a  flat  uncleared  comitry  any  attempt  at  a  system  of 
triangulation  would  be  useless.  In  such  cases  the  only  mode 
of  ensming  tolerable  accuracy  in  surveys  of  great  extent  is 
that  which  has  been  generally  adopted  in  the  construction  of 
geographical  maps.  The  latitude  and  longitude  of  a  number 
of  the  principal  and  most  conspicuous  stations  are  determined 
by  astronomical  observations,  and  the  distances  between  them 
calculated  to  enable  their  positions  to  be  laid  down  as  correctly 
as  they  can  be  determined  by  this  mode  of  iixtng  the  relative 
place  of  each  station.  In  surveying  any  extended  line  of 
coast,  where  the  interior  is  not  triangulated,  no  other  method 
presents  itself;  and  a  knowledge  of  practical  astronomy  there- 
fore becomes  indispensable  in  this,  a^  in  all  extensive  geode- 
sical  operations.  •" 

In  the  year  1823,  when  the  plan  of  a  general  survey  for 
the  whole  of  India  was  under  discussion,  and  the  first  intima- 
tion given  of  the  intention  of  the  Court  of  Directors,  of  pub- 
lishing a  complete  Indian  Atlas,  on  the  scale  of  4  miles  to  the 
inch,  the  opinion  and  advice  of  that  distinguished  Gteographer, 
Major  Kennell,  was  obtained  and  in  his  Minute  on  the  subject, 
he  advocated  precisely  this  method,  and  was  all  for  an  Astro- 
nomicfd  basis  as  the  only  means  of  obtaining  a  geographical 
map  of  a  country,  not  far  short  of  four  times  the  area  of 
France,  at  a  moderate  expense  and  within  a  reasonable  time. 

"  All  idea  therefore,"  says  Rennell,  "  of  mensuration,  or  a 
series  of  triangles  over  the  comitry  is  out  of  the  question,  and 
according  to  my  opinion  the  only  mode  in  which  the  work  can 
be  accomplished  with  such  a  degree  of  general  accuracy,  as  is 
consistent  with  the  required  despatch,  is  to  obttun  in  the  first 
*  Frome  on  Trigonoinstrical  SnrreTUig. 
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instance  a  series  of  celestial  observations  of  latitudes  and  lon- 
gitodeSi  l>y  wliicli  a  sufficient  number  of  geograp}ucal  pmiUt 
at  proper  intervals  may  be  determined  in  order  to  regulate  the 
scale  of  the  map,  and  to  iurniali  the  means  of  correcting  that 
of  ihe  curtory  surveys  by  which  the  intervals  between  those 
points  must  be  filled  up.  They  may  also  serve  to  regulate 
or  at  least  to  assist  in  regulating  the  distribution  of  the  space 
at  large  amongst  the  different  Surveyors.  The  int«rTats  are 
to  be  filled  up  by  Compass  Bearings,  and  by  time  employed  as 
a  means  of  distance  (which  habit  will  soon  render  familiar)  by 
triangles  formed  in  a  coarse  way,  where  the  country  is  favor- 
able by  furnishing  natoral  marks,  and  by  latitudes  and  lon- 
gitudes finally  made  tvhtidiary  to  the  observations  above  con- 
templated." This  'opinion,  however,  he  afferwarda  changed  for 
one,  on  the  Trigonometrical  basis,  a  view  taken  subsequently 
by  Lord  William  Bentinck,  Governor  General  of  India,  in  his 
masterly  Minute  on  the  subject,  wherein  he  lays  down  the  first 
principles  on  which  a  large  country  should  be  surveyed  in 
the  soundest  and  most  practical  manner.  The  system  therein 
developed,  however,  was  not  followed  out,  in  all  its  integrity,  bat 
die  Grand  Trigonometrical  Survey  was  permitted  to  proceed, 
as  a  skeleton  operaticm,  and  the  result  of  the  labors  of  Colonel 
Lambbm  from  the  conunencement  of  the  undertaking  in  1799, 
to  the  present  time  is  fully  explamed  in  the  Asiatic  Researches, 
by  this  celebrated  Geodist,  and  by  his  successor,  Lieut  Col. 
Everest,  in  his  two  *'  Accounts  of  the  Measurement  of  an 
Arc  of  the  Meridian"  published  in  1830  and  1848,  respec- 
tively. 

This  surrey  therefore  forms  the  framework  into  which  the 
presoit  Tf^graphical  or  Bev^oe  Surrey  of  the  present  day 
identifies  itself.  All  the  districts  coming  under  the  Revenue 
Regulations  of  the  Govemment  both  in  Bengal  and  the  North 
Western  Provinces,  may  be  said  to  consist  for  the  most  part  of 
open  cleared  fiat  country,  and  boundariei  being  the  chief  object, 
a  system  of  Periphery  measurement  is  resorted  to,  which  for 
2  o 
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economy  and  facility  of  execation  has  been  foand  to  answer 
admirably,  taking  the  enormous  extent  of  work  to  be  acoom- 
plished,  and  the  argent  necessity  for  a  first  surrey,  into 
account  In  hilly  countries,  however,  this  Indian  system  of 
Revenue  Survey  requires  modification,  it  being  obvious  that 
all  lines  measured  by  the  Chain  must  be  reduced  to  the  hori- 
zontal level ;  the  angles  of  elevation  therefore  in  such  a  conn- 
try  must  be  observed  and  registered,  whereby  the  Hypotbe- 
itusal  Chain  work  may  be  reduced  to  the  horizon  in  proportion 
to  the  co-sine  of  the  angle  of  inclination.  But  even  this  pro- 
caution  would  not  be  satisfactory  in  very  hilly  and  ru^ed 
ground,  because  the  accumulation  of  Chain  measurement  error 
under  such  circumstances  must  necessarily  be  great,  and 
moreover,  on  such  ground,  great  facility  for  triangulation  pre- 
sents itself,  and  which  gives  horizontal  distances  at  once,  with- 
out further  calculation  or  trouble,  much  more  correctly  than 
by  any  other  process. 

In  addition  to  these  more  regular  surveys,  there  are  others 
of  a  more  desultory  nature,  constantly  going  on  in  India. 
Route  Surveys  as  conducted  by  the  Quarter  Master  General's 
establishment,  lining  out  new  roads  by  the  Executive  Engineer's 
Department,  and  exploratory  expeditions  into  new  and  un- 
known countries,  for  each  of  which  we  shall  endeavour  to  lay 
down  some  useful  rules  for  guidance. 

In  ordinary  surveys  it  is  not  necessary  to  enter  into  calcu- 
lations for  the  sphericity  of  the  earth,  nor  indeed  many  other 
niceties  required  to  perform  any  important  Trigonometrical 
operation.  On  common  occasions  it  suffices  to  consider  the 
earth  as  a  plane  or  flat  surface,  and  all  the  sides  of  the 
triangles  as  right  lines  instead  of  curves,  for  a  degree  of  69^ 
English  miles,  considered  as  a  curve,  measures  but  little 
more  than  24  feet  longer  than  its  chord ;  we  cannot  therefore 
expect  any  series  of  linear  measurements,  with  all  possible 
care,  to  come  nearer  the  truth  than  that  when  extended  to 
several  milra.  .; 
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■  A  Topographical  Survey  farther  requires  that  Bome  of  iha 
party  employed  upon  it,  should  be  \rell  versed  in  general  oufc- 
lines  of  geology,  as  a  correct  description  of  die  soil  and  mine- 
ral resources  of  the  different  parts  of  every  country  forms  one 
of  its  most  important  features.  The  heights  of  the  principal 
hills,  and  of  marked  pointa  along  the  ridges,  plains,  valleys 
and  water-bourses  above  the  level  of  the  sea,  should  also  be 
determined,  which  on  the  Ordnance  Survey  of  Ireland  is  done 
by  levelling  with  the  Theodolite.  In  a  survey  of  leas  preten- 
sions to  correctness  in  minute  detaU,  the  heights  may  be  ascer- 
tained with  tolerable  accuracy  by  means  t^  the  mountain 
barometer. 

A  sketch  of  a  certain  tract  of  country,  on  a  far  larger  seals 
than  that  of  most  general  maps,  is  constantly  required  on 
service,  for  the  purpose  of  shewing  the  Military  features  of 
the  ground,  the  relative  positions  of  cities  and  villages,  and 
the  direction  and  nature  of  the  roads  and  rivers  comprised 
within  its  limita.  This  species  of  sketch,  termed  a  "  Military 
Reconnoissaoce,"  approaches  in  accuracy  to  a  regular  survey, 
in  proportion  to  the  time  and  labor  that  Is  bestowed  upon  it. 

"Accurate  surveys  of  a  country  are  universally  admitted 
to  be  works  of  great  public  utility,  as  affording  the  surest 
foundation  for  almost  every  kind  of  internal  improvement  in 
dme  of  peace,  and  the  best  means  of  forming  judicious  plans 
of  defence  agfunst  the  invasions  of  an  enemy  in  time  of  war ; 
in  which  last  circumstance  their  importance  usually  becomes 
the  most  apparent.  Hence,  it  happens  that  if  a  country  has 
not  actually  been  surveyed,  or  is  but  little  known,  a  state  of 
war&re  generally  produces  the  first  improvements  in  its  geo- 
graphy, for  in  the  various  movements  of  armies  in  the  field, 
especially,  if  the  theatre  of  war  be  extensive,  each  individual 
officer  has  repeated  opportunities  of  contributing,  according  to 
his  situation,  more  or  less  towards  its  perfection :  and  these 
observations  being  ultimately  collected,  a  mi^  is  sent  forth 
into  the  world  considerably  improved  indeed ;  but  which  being 
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still  def^tive,  points  out  the  necessity  of  something  more 
accurate  being  tmdertaken  when  times  and  circomstances  may 
faror  the  draign."* 

Having  thus  briefly  remarked  on  the  leading  principles  of 
tiie  several  modes  of  surveying,  before  proceeding  with  a  des- 
cription of  them  in  detail,  a  few  hints  for  the  general  guidance 
of  the  Surveyor,  which  experience  has  taught  us  to  be  worthy 
of  adoption,  may  be  given  with  advantage^ 

1st  The  Surveyor  should  settie  definitively  in  his  own 
mind,  the  system  of  Surveying  he  intends  pursuing,  then  the 
plan  of  operations  he  purposes  in  prosecuting  the  said  system. 

2nd.  He  should  examine  bis  instruments ;  see  that  they 
are  all  in  jHM>per  order,  and  accurately  adjusted,  and  compare 
his  Chain  carefully  with  the  standard  measure,  correcting  any 
error  in  it. 

3rd.  He  ^lould  select,  or  instruct  his  assistanta  in  the 
selection  of  tiieir  Station  points,  which  he  should  he  careful  so 
to  dispose,  tiiat  the  lines  may  pass  clear  (^  trees,  houses, 
or  other  impediments,  and  the  fewer  that  can  be  made  use  of, 
the  less  will  be  the  labour  of  the  Survey ;  it  wiU  also  be  more 
accurate,  and  less  liable  to  errors,  both  in  the  field  and  office. 

4tii.  The  Station  lines  shoidd  always  be  as  long  as  posei- 
ble,  where  it  can  be  done  without  rendering  the  offsets  too 
large,  and  where  great  accuracy  is  rec[uired,  these  lines  should 
be  repeatedly  measured,  for  every  station  line  is  usually  the 
basis  of  succeeding  operations. 

5th.  The  Surveyor  shoold  so  contrive  his  work,  as  to 
avoid  the  multiplication  of  small  errors,  and  particularly  those 
that  by  communication  will  extend  themselves  through  the 
whole  of  his  operations :  he  should  always  bear  in  mind,  the 
principle  of  working  from  whole  to  part,  and  never  irom  part 
to  whole ;  by  the  former  method,  errors  are  subdivided,  by 
the  latter,  the  errors  inseparable  from  even  tbe  most  carefal 
observations  are  constantly  accumulating. 

*  Aoconat  of  the  Trigonometrical  Surrey  of  England. 
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6tiu  He  should  be  especially  carefiil  in  the  matmer  of 
keeping  liia  field  book ;  everf  thing  noted  in  it  shoiild  be  dear 
atai  explanatory,  so  as  not  to  admit  of  doubt  in  the  event  of 
anotJier  person  having  to  put  up  or  plot  work  from  it;  a 
neat  field  book  denoting  the  careM  Surveyor,  as  much  as  a 
dirty  and  untidy  one  is  proof  of  the  contrary. 

7th.  The  field  work  should  be  snbjected  to  test  as  soon  as 
possible,  and  any  errors  rectified  by  re-observation  or  re-mea- 
surement whilst  on  the  spot;  if  delayed  for  any  time,  the 
difficulty  and  inconvenience  of  returning  to  the  spot  will  be  so 
great  as  to  prevent  a  fair  correction  being  made  and  accuracy 
will  be  sacrificed  in  consequence. 

Stfa.  At  the  close  of  a  day's  work,  measure  the  Chain,  and 
note  in  the  field  book  the  quantity  it  may  have  stretched,  so 
as  to  make  allowances  in  any  calculations  that  have  to  be 
made  from  measurements  taken  with  it.    ' 

9th.  The  Surveyor  should  never  allow  himself  to  get  into 
the  habit  of  making  his  observations,  whether  angles  or  bear- 
ings, in  a  careless  manner,  under  the  impression  that  a '  smidl 
error  in  one  observation  will  perhaps  counterbalance  itself  in 
the  next;  he  will  find  it  more  profitable  in  the  end,  to  make 
ten  careiiil  observations  during  a  day's  work,  than  a  hundred 
careless  ones ;  the  same  remurks  hold  good  for  Chain  mear 
surements. 

10th.  No  observation,  memorandum,  or  note,  should  ever 
be  recorded  on  slips  of  paper,  and  rejected,  or  be  thrown  aside 
as  unimportant  or  useless ;  it  is  too  commonly  the  practice  to 
do  this,  but  the  time  may  come  when  the  Surveyor  would 
hail  with  delight  the  recovery  of  the  remarks  or  calculations 
however  roughly  noted,  which  before  he  had  thrown  away; 
nothing  can  be  too  minute  or  too  trifling  to  insert  in  the  field 
book,  whatever  attracts  the  eye  in  the  field,  or  comes  within 
reach  of  the  ear,  should  be  so  entered,  as  to  be  useful  and 
intelligible  to  others  as  well  as  to  himself  at  any  future 
moment 
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■  Laithf.  A  Sorreyor  should  alwaya  endeavour  to  obtam 
a  good  knowledge  of  his  District,  or  the  portion  of  conntiy 
under  survey,  by  constantly  riding  over  it,  in  every  direction, 
and  thns  getting  a  sort  of  bird'B-«ye  view  in  his  own  mind, 
this  will  enable  him  to  check  any  glaring  omissions  in  the 
maps  produced  by  his  subordinates,  and  give  him  a  great 
advantage  in  prosecuting  his  operations,  and  making  the  best 
disposition  of  his  work.  In  lat^  establishments,  snch  as  those 
of  the  Revenue  Surveys  now  in  progress,  composed  of  large 
bodies  of  Kative,  East  Indian  as  well  as  Enropean  Assistants, 
the  best  results  may  be  expected  from  an  active  personal  super- 
vision in  the  field,  and  indeed  without  this  there  can  be  no  hope 
of  proper  and  systematic  progress  or  of  the  quantity  of  work 
which  is  performed  being  at  all  satis&ctory  or  tmstworthy. 

In  hilly  countries  more  especially,  the  eye  of  the  Saperin- 
tending  Officer  must  be  abroad  to  render  the  Topography 
of  his  maps  of  any  value ;  where  the  Surveyor  himself  does 
not  take  a  part  in  these  duties,  and  animate  his  European 
and  East  Indian  Assistants  by  his  example,  it  will  be  found 
that  they,  in  turn,  will  devolve  all  the  laborious  and  irksome 
duties  on  the  Native  Assistants,  who  soon  become  careless  and 
indifferent  when  they  find  themselves  uncontrolled. 
-  When  once  a  Surveyor  contents  himself  with  ordering  and 
directing  others  to  do,  what  he  never  thinks  of  nndertaking 
himself,  he  may  rest  assured  that  it  never  will  be  done  well. 
The  first  principle  in  the  life  of  a  Surveyor  should  be,  to  make 
a  practice  of  putting  his  own  shoulder  to  the  wheel,  and  then 
to  expect  and  demand  equal  zeal  from  his  subordinates. 

At  the  commencement  of  his  professional  career,  a  Surveyor 
will  meet  with  many  obstacles  and  annoyances,  and  frequently 
find  himself  placed  in  most  trying  circumstances,  such  as  will 
almost  induce  him  to  relinquish  the  task  he  has  in  hand,  but 
he  must  make  up  his  mind  to  this  and  endeavour  to  overcome 
them,  and  not  despair  of  success,  because  threatened  with 
appai^ntly  insuperable  difficulties,   the   pleasure  of  looking^ 
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back  on  an  accomplished  taak,  will  always  be  heightened  by 
the  amount  of  difficulty  overcome,  or  the  remembrance  of 
peculiar  obstacles  BucceasfuUy  contended  against.  All  beginners 
shoold  take  encouragement  from  the  fact  of  hundreds  of  men 
having  commenced  their  career  in  perfect  ignorance  of  the 
various  duties  they  may  have  been  called  on  to  perform,  and 
which  by  dint  of  industry  and  perseverance  they  have  finally 
triumphed  over  and  completely  mastered. 
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CHAPTER  II. 


On  Sdeveting  bt  the  Chain  only. 

In  makiiig  a  Sorrey  with  the  Chain  only,  we  are  confined 
to  one,  and  the  simplest  geometrical  figure,  viz.,  the  triangle, 
for  of  all  plane  geometrical  figures,  it  is  the  only  one  of  which 
the  form  cannot  be  altered,  if  the  sides  remain  constant.  That 
the  triangle  possesses  this  property  is  evident  from  the  Theorem 
(Euclid  7.  1.)  which  proves  that  "  Upon  the  same  base,  and 
on  the  same  side  of  it,  there  cannot  be  two  triangles  that  have 
their  sides,  which  are  temunated  at  one  extremity  of  the  base, 
equal  to  one  another,  and  likewise  those  which  are  terminated 
in  the  other  extremity,  equal  to  one  another." 
'  The  surface  to  be  measured  is  therefore  to  be  divided  into 
a  series  of  imaginary  triangles ;  and  in  this  division  it  must 
be  borne  in  mind  that  the  tnangles  are  to  be  as  large,  with 
reference  to'  the  whole  surface  to  be  measured,  as  is  consistent 
with  the  nature  of  the  ground ;  for,  by  such  an  arrangement, 
we  are  acting  on  the  important  principle  in  all  Surveying 
operations,  (Page  237)  that  it  is  well  always  to  work  fifom 
whole  to  part,  and  rarely  from  part  to  whole. 

The  sides  of  these  triangles  are  first  measured,  and  as  a 
necessary  check,  on  this  first  part  of  the  work,  a  strtught  line 
is  in  addition  measured  from  one  of  the  vertices  to  a  point  in 
or  near  the  middle  of  the  opposite  side.  This  fourth  line  is 
called  a  tie-line,  and  is  an  efficient  means  of  detecting  errtrs 
if  any  have  been  committed  in  the  measurement  of  the  sides 
of  the  triangle.     This  fourth  measurement  is  made  in  accord- 


jM,Cooglc 


fuiCe  with  a  maxim  whiclL  ought  invariably  to  be  acted  apon 
in  all  Sarreying  operatiims,  viz.,  that  where  accuracy  is  aimed 
at,  the  dimensions  of  die  main  lines,  and  the  positioDs  of  the 
most  important  objects,  should  be  ascertained  or  tested  by  at 
least  two  processes  independent  one  of  the  other.  Within  the 
larger  triangles,  as  many  tie-linea  and  smaller  triangles  are  to 
be  measured  as  may  be  necessary  to  determine  the  position  of 
all  the  objects  embraced  in  the  Survey.  The  directions  of 
the  lines  forming  the  sides  of  these  secondary  triangles  are  so 
selected  or  disposed  Uiat  they  shall  connect,  and  pass  close  by, 
as  many  objects  as  possible,  so  that  the  ofisets  to  be  measured 
&om  them  may  be  as  short  and  as  few  in  number,  as  prac- 
ticable 

If  the  sides  of  these  secondary  triangles  be  in  any  case  so 
distant  from  the  objects  whose  positions  are  to  be  determined 
as  to  require  a  length  of  ofiset  greater  than  one  of  two  chains, 
it  then  becomes  advisable  to  construct,  either  on  the  whole 
or  a  part  of  the  side  of  the  triangle  as  a  base,  a  smaller  ofi^t 
triangle  with  the  sides  so  disposed  that  they  shall  either  em- 
brace, or  pass  very  near  to  the  objects  to  be  measured  by  their 
intervention. 

The  disposition  and  general  combination  of  these  triangles 
demanding  care  and  judgment,  it  is  customary,  previous  to 
commencing  any  measurement,  to  walk  over  the  ground  for 
the  purpose  of  obtaining  a  general  knowledge  of  the  surface, 
and  of  the  relative  positions  of  the  most  conspicuous  objects. 
The  acquisition  of  this  knowledge  depending  on  the  coup 
tToeU,  is  much  assisted  by  an  eye-sketch  drawn  with  rapidity, 
and  showing  some  of  the  principal  roads,  streams,  temples,  &c 

This  hand-sketoh  is  not  to  be  drawn  to  any  scale,  and  its 
object  is  attained  if  it  simply  bear  a  general  resemblance  to  a 
plan  of  the  ground,  as  it  will  thereby  assist  the  memory  in  the 
distribution  of  the  suiiace  into  triangles. 

The  sides  of  the  larger  triangles  are  to  pass  as  close  as  pos- 
sible to  the  external  boundaries  to  be  surveyed ;  the  triangles 
2  H 
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Bhonld  moreover  be  made  to  approach,  as  nearly  ae  pracUfca- 
ble,  to  the  form  of  equilateral,  aToIding  with  care  verj  acute 
or  very  obtnae  angles,  becanse  the  farther  the  form  of  the 
triangle  is  removed  Scorn  the  equilateral,  the  greater  will  be 
the  alteration  in  the  form  of  the  figure  and  in  its  area,  shoold 
any  error  have  been  committed  in  the  measurement  of  any 
one  of  the  sides. 

The  triangles  having  thus  been  disposed  to  the  greatest 
advantage,  marks  or  pegs  are  placed  in  the  ground  at  each 
vertex  of  the  triangles ;  their  gener^  fom^  or  position  is 
then  noted  on  the  hand-sketch  previously  made,  and  distinctive 
letters  are  written  on  the  diagram  at  each  point  of  intersection; 
this  arrangement  admits  of  easy  reference  in  the  Field-book, 
or  on  the  ground,  to  any  trian^e  or  part  of  a  triangle. 

The  points  of  intersection  of  all  straight  lines,  as  well  as 
the  vertices  of  the  triangles,  are  always  points  measured  to  or 
from :  they  are  called  Station  points,  and  the  linea  comiecting 
them  Station  lines,  thereby  distrngoi^iing  them  from  the  simple 
ofiset  lines.  Stations  are  generally  expressed  by  letters,  main 
stations  by  capital  or  roman  letters  A,  B,  0,  &c.  and  secondary 
stations  by  small  letters  a,  b,  c,  Sfc. 

The  hand-sketch,  or  rough  diagram,  is  usoally  made  in  a 
Field-book,  i.  c,  a  book  in  which  every  mioute  step  of  the  opera- 
tions gone  through,  is  to  be  entered  with  precision  at  the  tim& 

This  Field-book  should  be  of  a  convenient  size  for  the 
pocket,  having  the  page  ruled  with  a  central  colrann;  this 
central  column  is  intended  for  all  actual  lines  measured,  and 
by  commencing  from  the  bottom  of  the  page,  the  page  becomes 
a  smaller  representation  of  the  reality,  with  the  line  measured 
from  you,  and  the  offsets  at  their  respective  distances  on  that 
line,  taken  at  so  many  links  to  the  right  or  to  the  left,  as  they 
actually  are  on  the  ground  and  noted  to  the  right  or  left  of 
the  central  column. 

In  keeping  the  Field-book,  it  first  should  ever  be  remembeiv 
ed  that  the  central  column  is  virtually  but  one  line  represent-. 

n,g,t,7l.dM,COOglC 


Speamm.  of  Fidd  Bopk.  hate,  i 


<^ 


„:,iP<.-jM,G00glc 


243 

ing  the  ChaiQ,  the  space  within  the  column  being  merely 
required  for  the  several  distances  on  the  Chun,  whence  the 
ofisets  are  taken,  and  secondly,  that  all  offsets  read  either 
way  outward  from  the  centre  colmun,  in  the  same  way  as  they 
are  measured  outviard  bom  the  Chain;  if  the  station  line, 
tho^ore  should  be  crossed  on  the  ground  by  a  road  or  any 
boundary  meeting  it  obliquely,  its  representation  or  type  in 
the  Field-book  must  not  be  made  to  pass  obliquely  across  the 
middle  column,  but  must  arrive  at  one  side  of  the  column  and 
leave  it  on  the  other,  at  points  precisely  opposite,  as  it  would 
do  were  the  middle  column  merely  of  the  thickness  of  a  line ; 
inattention  in  this  particular,  causes  much  confusion  in  the 
relative  position  of  offsets. 

To  preserve  uniformity,  as  it  is  more  natural  to  measure 
from  left  to  right,  the  place  measured /rom  is  put  on  the  Uft  of 
the  central  column  at  the  bottom  of  the  line,  and  the  station 
measured  to  is  put  at  the  top  to  the  right;  the  points  of  com- 
mencement  and  termination  of  the  line  can  thus  be  inune* 
diately  seen. 

The  book  should  be  interleaved  with  blotting  paper  and  the 
entries  made  in  ink  or  inked  in  the  same  day  on  return  &om 
the  field,  the  pages  should  also  be  numbered  for  facility  of 
reference  and  each  day's  work  dated. 

If  the  direction  of  the  line  is  determined  by  an  angle  taken 
with  a  Theodolite,  or  the  bearing  of  the  line  be  given  by  the 
Circmnferentor  or  other  instrument,  the  angle  of  the  former, 
or  bearing  of  the  latter,  is  placed  in  the  central  column  imme- 
diately above  the  starting  point. 

In  taking  offsets  to  comers  of  boundary  marks  or  other 
objects,  mark  the  relative  position  of  the  comer  or  object  as  to 
the  Chain  line,  and  generally  be  careful  to  make  the  Field- 
book  as  much  as  possible  a  fac  sivdU  of  the  ground  itself, 
with  each  boundary  mark,  &c,  placed  on  the  book,  as  to  the 
central  column,  couMdered  always  as  one  line,  in  the  same 
pontion  as  they  stand  to  the  Chain  on  the  ground ;  no  time  is 
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gained  to  the  Surveyor  by  harrying  over  the  notes  in  the 
Field-book,  a  little  care  in  the  field  saving  mnch  trouble 
in  office; 

It  cannot  be  too  strongly  impressed  on  the  Surveyor  that 
the  work  which  he  is  called  npon  to  p^fbrm  depends  for  its 
accuracy  in  a  very  great  measure  on  the  order,  system,  and 
neatness  bestowed  on  all  the  steps  whether  of  delineation  or 
measurement;  proper  attention  in  keeping  the  Field-book  saves 
much  time  in  plotting  and  guards  agunst  the  errors  unavoid- 
ably arising  &om  reference  to  a  confused  Field-book ;  more- 
over, care  bestowed  in  the  first  essays,  will  amply  reward  the 
Surveyor,  by  giving  accuracy  of  eye,  freedom  and  steadiness 
of  band,  qualities  indispensable  to  his  success. 

Having  given  various  examples  under  the  head  of  "  Useful 
problems  in  Surveying"  (page  66)  of  surveying  small  fields 
by  the  Chain  only  and  also  instrmnentally,  we  will  here 
give  an  example  of  surveying  a  larger  tract  of  country  by 
the  Chain  only,  and  in  which  we  will  also  show  the  method  of 
filling  in  one  of  the  triangles  of  the  Survey. 

The  example  ^ven  is  that  of  a  portion  of  country,  compris- 
ing some  80  or  100  fields,  6  or  8  roads,  a  village,  river,  canal, 
and  a  line  of  railroad  running  through  a  comer  of  it  towards 
the  village. 

The  first  thing  to  be  done,  is  to  select  a  line  of  country  free 
from  obstacles,  such  as  houses,  underwood,  &c,  and  running 
(if  practicable)  through  the  greatest  extent  of  the  properly  to 
be  surveyed,  with  the  view  of  measuring  a  Base  line,  on  which 
line  all  the  principal  triangles  should  be  formed  as  nearly 
equilateral  as  possible ;  this  line  should  also  run  as  nearly  as 
possible  through  the  centre  of  the  property  and  its  direction 
should  be  for  a  principal  object  beyond  its  termination,  such 
as  the  steeple  of  a  church,  comer  of  a  house,  or  some  re- 
markable object. 

In  the  diagram  on  the  adjoining  Plate,  AB  has  been  selected 
as  the  Base  line,  running  through  the  whole  of  the  Survey, 
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intersecting  the  road  HC  at  C,  the  road  GK  at  D,  and  the 
road  MO  at  E,  which  distances  are  carefully  marked  in  the 
Field-book.  ^ 

Where  this  Base  line  crosses  the  boandmes  of  fields  at 
the  most  favorable  place  for  rvuining  cross  lines  along  these 
bonndaries,  stakes  must  be  put  in,  and  the  points  carefully 
noted,  taking  offsets  en  route  to  any  comers  or  other  objects 
that  may  be  within  an  of^  distance. 

The  method  actually  adopted  would  be,  in  order  to  avoid 
any  needlessly  going  over  the  same  ground  twice,  to  commence 
at  A,  measure  AN,  NVH,  then  HC,  CV,  and  the  fields  with- 
in the  block  VCH  and  NOV. 

From  H,  the  next  line  measured  would  be  HG,  observing 
car^iilly  where  the  best  stations  could  be  taken  for  the  cross 
boundaries,  on  the  same  side  of  them,  as  the  stations  were 
selected  in  the  Base  line. 

Then  measure  GB  and  HD,  observing,  in  measuring  HD, 
to  have  the  range  of  the  line  carefully  defined,  where  the 
several  boundaries  cross,  so  as  accurately  to  define  the  several 
points  in  the  line  CD,  where  the  cross  boundary-lines,  from 
AB  to  HG,  intersect  By  this  plan,  all  these  cross-lines  are 
check-lines. 

Produce  GD  to  K,  in  the  same  straight  line ;  measure  KG, 
taking  notice  as  before,  where  the  cross  boundaries  come,  and 
on  then:  proper  side,  and  complete  the  block  HGKO. 

Then  measure  CL  and  LK. 

Now  return  to  G,  and  produce  HG  to  F,  where  it  intersects 
the  Base  line ;  marking  the  several  points  P,  Y,  and  X,  upon 
it,  and  the  sev^^  cross  boundaries. 

Then  from  D  produce  HD  to  M;  join  MK,  and  from  M, 
measure  a  line  in  range  with  EX,  which  produce  to  O;  join 
OB ;  then  complete  the  block  GXMD,  and  the  triangular  piece 
KDM. 

There  now  remuns  but  the  part  at^oining  the  vil- 
lage. 
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From  F,  m«8sare  FRS,  and  join  ST ;  then  produce  YR  to 
h,  -and  join  ba ;  the  lines  ha,  aT,  TS,  SR,  RJ,  will  tie  the 
whole  of  tl^  honaes  in.  This  must  always  be  the  plan  adopted 
in  the  survey  of  a  village,  to  confine  all  the  areas  within  one 
tiiangle,  whose  three  sides  shoold  severally  pass  through  the 
principal  points  of  the  placa 

Having  given  the  method  adopted  in  practice,  for  saving 
time  in  the  survey  of  the  plan,  we  will  proceed  to  explain  the 
nature  and  use  of  the  several  main  lines. 

The  line  ME,  of  the  triangle  DME,  is  the  measure  of  the 
angle  MDE ;  but  CH,  in  the  triangle  CHD,  is  the  measure  of 
the  opposite  and  equal  angle  CDH.  Therefore  the  measured 
and  determined  distance,  agreeing  or  disagreeing  of  either 
side  CH  or  ME,  is  a  proof  of  the  correctness  or  incorrectness 
of  the  angle  at  the  vertex  D. 

Produce  ME,  the  fixed  lino,  to  O;  any  points  upon  this 
production  are  also  fixed.  The  point  X,  which  is  in  a  range 
with  the  road  HP,  is  fixed ;  and  H,  being  a  fixed  point,  the 
length  of  HX  is  determined. 

Its  measurement  becomes  a  line  of  verification  to  the  oppo- 
site  angle  HMX,  or  (MDE  being  supposed  correct)  of  the 
supplemental  angle  DEM :  which  is  the  angle  that  this  new 
line  MD  makes  with  the  Base  line.  The  line  OB,  if  the 
lAtore  of  the  ground  will  permit  its  being  mejisnred,  measures 
the  opposite  angle  BED,  and  i^  another  che^k  upon  its 
correctness. 

Agam,  MX  is  the  measure  of  the  angle  MHX ;  and  GD  is 
also  the  measure  of  the  same  angle. 

The  actual  distance  of  GD,  compared  with  its  computed  or 
determined  distance  is  a  check  upon  the  correctness  of  the 
length  of  MX. 

Having  determined  the  correctness  of  these  triangles,  there 
can  be  no  error  of  any  moment  in  the  filling  in. 

In  &ct,  all  the  lines  used  for  the  measurement  of  the  offsets 
to  the  cross  boundaries,  are  only  so  many  additional  check 
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liBes  to   the  triangles,  or  measurea  of  the  angles  at  their 
vertices. 

CK  being  determined  by  the  previoua  measurements,  its 
measured  distance  is  a  check  upon  the  angle  CDS,  and,  there- 
fore, upon  the  direction  of  the  line  KG,  relative  to  the  Base 
line  AB. 

The  correctness  of  the  triangle,  CLK,  is  secured  by  the 
check-line  to  its  vertex  LC. 

The  triangle  ANC,  having  in  AC  a  portion  of  the  Base 
line,  depends  upon  the  correctness  of  the  measured  distances 
AN  and  NO.  ' 

A,  being  thus  a  fixed  point,  as  well  as  H,  measure  the  line 
NH,  and  as  H  has  been  previously  assumed  correct,  HN  is  a 
measure  of  the  angle  NCH,  which  is  the  supplemental  angle 
to  the  two  and  known  angles  HCD,  ACK ;  the  length  VC  is  a 
check  upon  the  distances  CN  and  CH. 

Now  returning  to  the  other  parts  of  the  survey,  the  Hne 
HX,  produced  to  the  Base  line  at  F,  is  an  additional  verifi- 
cation of  the  whole  of  the  triangulation. 

To  ensure  a  correct  survey  of  the  village,  observe  that  the 
line  MOa  passes  close  to  one  side  of  it 

From  P,  drawing  PRS  through  R,  and  joining  ST,  we 
have  known  lines  close  to  the  village,  on  another  side ;  pro- 
ducing YR  to  a  point  £,'such  that  a  line  ia  shall  pass  close  to 
the  third  side  of  the  villa^,  we  surround  the  whole  with  a 
fixed  triangle.  All  errors  must  be  confined  within  this  limit; 
and  all  lines,  for  the  measurement  of  the  houses  or  roads, 
carried  throiigh  to  either  of  the  sides  of  this  triangle,  are,  aa 
in  the  case  of  the  cross  boundary-lines  in  the  first  part  of  the 
snrv^,  virtually  but  so  many  corroborative  checks  of  its 
accuracy. 

The  principal  lines  being  thus  measured,  we  proceed  to  fill 
in  one  of  the  triangles  such  as  CDK ;  for  this  purpose  commence 
at  any  of  the  angular  points  of  the  triangle  such  as  E,  and 
run  a  line  Ea  to  the  opposite  side  CD,  leaving  marks  at  the 
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crossing  of  all  boundaries  of  iields,  such  aa  e  and  d,  taking 
ofisets  to  all  objects  within  ordinary  distance.  When  this 
line  is  measared  up  to  the  side  CD,  stop,  and  from  the  point  a, 
measure  ihe  distance  on  the  line  CD,  up  to  the  nearest  mark 
h,  previously  made  on  the  line  CD,  and  enter  this  distance, 
and  the  length  of  the  line  Ka  in  the  Field-book.  From  the 
point  a  run  a  line  ae,  leaving  a  mark  at  /,  and  when  arrived 
at  e,  perform  similar  work  as  done  at  a,  after  the  same  manner 
measure  also  the  lines  fb,  be,  /K,  and  rfD,  and  so  proceed 
until  the  position  of  all  the  boundaries  and  other  objects 
within  the  triangle  CDK,  are  determined. 

Thus  are  all  the  sides  of  the  triangles  measured  in  succes- 
sion, and  their  dimensions  with  the  additional  assistance  of  the 
ofisets,  give  the  means  of  ascertaining  all  boundaries,  external 
and  internal,  positions  of  houses,  &c.,  and  of  finding  the  area  of 
the  whole  and  of  every  part,  by  direct  computation  from  the 
Field-book.  But  to  obtain  the  contents  of  each  field  or  enclo- 
sure by  computation,  would  be  a  process  very  laborious  and 
generally  unnecessary :  the  contents  of  the  whole  should  be 
ascertained  by  computation  from  the  sides  of  the  large 
triangles :  the  areas  of  the  inclosures  may  be  a^rwards  obtain- 
ed by  measurement  from  the  plan,  by  dividing  them  off  into 
small  triangles  (page  65,)  their  accuracy  being  tested  by  a 
comparison  of  the  som  of  the  areas  of  each  inclosnre  with  the 
area  comprised  within  the  exterior*  boundary,  as  obttuned  by 
direct  computa^on. 
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CHAPTER  III. 


On  Sdbyetiko  bt  the  Chain,  accompanied  with 
Angulas  Instbdhents. 

The  method  of  surveying  by  the  Chain  alone  is  applicable 
only  to  Surveys  of  comparatively  small  extent  and  simple  in 
their  ontlines,  for  even  in  small  Snrveys,  the  intervention  of 
villages,  high  inclostires,  temples,  topes  of  trees,  or  other 
obstacles,  may  be  found  to  render  the  measurement  of  right 
lines  by  the  Chain  extremely  difficult,  and  by  isolating  differ- 
ent portions  of  the  work,  to  cause  inaccnracies  that  may  be 
avoided  by  the  tise  of  an  angular  instrument 

Angles  it  is  tme  may  be  determined  by  the  Chain  alone, 
by  measuring  the  sides  of  small  triangles  disposed  for  the  par- 
pose,  thus :  Let  AB,  represent  a  line  measured  to  a  station  B, 
&om   whence   a  second 

lineBC,  forming  an  angle      \ b._ y 

with  AB,  is  to  be  mear  \ 

sored.    To  determine  the  \ 

angle  ABC,  prolong  AB  •  \ 

to  D,  make  BO  equal  to  \, 

BD,    and     measure     the  ** 

chord  DC ;  the  three  sides  of  the  triangle  BDC  being  known, 

the  angle  DBO  or  its  supplement  ABC  is  determined. 

This  is  a  method  which  ought,  however,  rarely  to  be  resorted 
to,  for  no  time  is  gained  by  its  adoption,  and  the  chances  of 
error  are  considerably  multiplied,    owing   to  the  nmneroos 
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additional  lines  to  be  measured ;  moreover,  it  is  to  be  observed, 
that  angles  can  in  general  be  measured  in  the  field  more 
correctly  with  an  instrmnent  than  the  length  of  lines  with  the 
Chain,  especially  over  uneven  ground  or  in  an  inclosed 
cotmtry. 

The  iustrument  in  general  use,  for  the  purpose  of  measur- 
ing angles  in  Surveying,  is  the  Theodolite.  It  is  calcolated  for 
extreme  accuracy,  and  should  always  be  used  when  quality 
and  not  quantity  is  the  desideratum ;  when  the  correctness  of 
the  result,  and  not  the  rapidity  of  execution.  Is  the  object. 

In  broad  and  extensive  fiats,  though  the  triangnlation  were 
better  carried  on  by  the  Chain,  as  the  Chain  is  indispen- 
sable for  determining  cross  boonilaries,  &c,  yet  the  long 
lines  of  the  triangulatioQ  must  always  be  run  in  by  the 
Theodolite. 

In  broken  and  hiUy  countries  where  the  Chaining  could  only 
be  obtained  by  an  application  of  the  angles  taken  by  the 
Theodolite  to  the  determining  of  the  comparative  lengths  of  the 
hypothenosal  to  the  horizontal  lines,  this  instrument  is  indis- 
pensable. The  correct  length  of  one  side  of  a  triangle  toge- 
ther with  the  measures  to  minutes  and  half  minutes,  obtained 
with  the  accuracy  of  which  a  good  Theodolite  is  susceptible, 
of  its  two  adjacent  angles,  will  always  more  certainly  deter- 
mine the  position  of  a  third  point,  when  hills  intervene, 
than  the  incorrectly  measured  distances  of  the  two  other 
lines. 

The  various  uses  to  which  the  Theodolite  can  be  applied, 
in  finding  distances  across  rivers,  heights  of  inaccessible 
objects,  &c,  are  given  under  the  head  of  "  Heights  and  Dis- 
tances" (page  55,)  and  of  "  Useful  problems  in  Surveying" 
(page  66,)  the  adjustments  of  the  instrument  also,  and  methods 
of  observing  angles  (pages  124  and  132,)  it  is  therefore  un- 
necessary to  dilate  further  on  its  application  to  Surveying,  be- 
yond ^ving  an  example,  describing  the  method -of  proceeding 
with  it. 
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Let  the  above  plan  represent  a  Surrey  of  roads  to  be  per- 
formed with  a  Theodolite  and  Chain.  Coounencing  on  a  con- 
spicnons  spot  a,  near  the  place  at  which  two  roads  meet,  the 
Theodolite  ranst  be  set  up  and  levelled,  the  upper  and  lower 
horizontal  plates  clamped  at  zero,  and  the  whole  instrument 
turned  about  until  the  magnetic  needle  steadily  points  ta 
the  NS  line  of  the  compass-box,  and  then  fixed  in  that 
position  by  tightening  the  clamp-screw  H.  Now  release  the 
upper  plate,  and  direct  the  telescope  to  any  distant  conspi- 
cuous object  within  or  near  the  limits  of  the  snrvey,  such  as 
a  pole  purposely  erected  in  an  accessible  situation,  that  it  may 
be  measured  to,  and  the  instrument  placed  upon,  the  same 
spot  at  a  subsequent  part  of  the  operation,  as  A  and  B,  and 
after  bisecting  it  with  the  cross-wires,  read  both  the  verniers 
of  the  horizontal  limb,  and  enter  the  two  readings  in  the  Field- 
book  ;  likewise  in  the  same  manner  take  bearings,  or  angles, 
to  all  such  remarkable  objects  as  are  likely  to  be  seen  from 
other  stations,  as  the  tree  situated  on  a  hill ;  and  lastly,  take 
the  angle  to  your  forward  station  b,  where  an  assistant  must 
hold  a  staff  for  the  purpose,  on  a  picket  driven  into  the 
ground,*  in  such  a  situation  as  will  enable  yon  to  take  the 

*  A  picket  Bbonld  always  be  left  in  tbe  gronnd  at  ereiy  sUtion,  ia  order 
to  rect^niae  tbe  preotM  spot,  ibootd  it  aflemardB  be  fonnd  necesearr  to  return 
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longest  possible  sight  down  each  of  the  roads  that  meet  there. 
In  going  through  the  above  process,  at  this  and  ever;  subse- 
quent station,  great  caution  mast  be  used  to  prevent  the  lower 
horizontal  plate  from  having  the  least  motion  after  being 
clamped  in  its  position  by  the  screw  H. 

Next  measure  the  distance  from  atob,  and  set  up"  the  instru- 
ment at  b,  release  the  clamp-screw  H  on^,  not  suffering  the 
upper  plate  to  be  in  the  least  disturbed  from  the  reading  it 
had  when  directed  at  a  to  the  forward  station  6,  with  the  in- 
Btrument  reading  this  forward  angle;  turn  it  bodily  round, 
tin  the  telescope  is  directed  to  the  station  a  (which  is  now 
the  back  Btation)  where, an  assistant  must  hold  a  staff; 
tighten  the  clamp-screw  H,  and  by  the  slow-motion  screw 
I,  bisect  the  staff  as  near  the  ground  as  possible,  and  having 
examined  the  reading,  to  see  that  no  disturbance  ha»  taken 
place,  release  the  upper  plate,  and  setting  it  to  zero,  see  if  the 
magnetic  needle  coincides,  as  in  the  first  instance,  with  the 
NS  line  of  the  compass'-bo:f ;  if  it  does,  all  is  right ;  if  not,  an 
error  must  have  been  committed  in  taking  the  last  forward 
angle,  or  else  the  upper  plate  must  have  moved  from  its  posi- 
tion before  the  back  station  had  been  bisected :  when  this  is 
the  case,  it  is  necessary  to  return  and  examine  the  work  at 
the  last  station.  If  this  is  done  every  time  the  instrument  is 
set  up,  a  constant  check  is  kept  upon  the  progress  of  the  work ; 
and  this  indeed  is  the  most  imxwrtant  use  of  the  compass. 
Having  thus  proved  the  accuracy  of  the  last  forward  angle, 
release  the  upper  plate,  and  measure  the  angles  to  the  stations 
m  and  r,  and,  as  before,  to  whatever  objects  you  may  consider 
will  be  cooapicuous  from  other  places;  and  lastly,  observe 
the  forward  angle  to  the  station  c,  where  the  Theodolite  must 
next  be  set  np,  and  measure  the  distance  be. 

At  c,  and  at  every  succeeding  station,  a  similar  operation 
must  be  performed,  bisecting  the  back  station  with  the  instru- 
ment reading  the  last  forward  angle ;  then  take  bearings 
to  every  conspicuous  object,  as  the  tree  on  the  hill,  the  sta- 
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ikm  A,  Sec  which  will  fix  their  relative  sitoatlons  on  the  plan, 
and  they  afterwards  serve  as  fixed  points  to  prove  the  accuracy 
of  the  positioii  of  such  other  stations  as  may  have  bearings  taken 
from  them  to  the  same  object ;  for,  if  the  relative  situations  of 
such  stations  are  not  correctly  determined,  these  bearings  will 
not  all  intersect  in  the  same  point  on  the  plan.  The  last 
operation  at  each  station  is  to  measore  the  forward  angle.  In 
this  manner  proceed  to  the  stations  d,  e,f,g,  &c.,and  having 
arrived  at  g,  measure  an  angle  to  the  pole  A,  as  to  a  forward 
station,  and  placing  the  Theodolite  upon  that  spot,  direct  the 
telescope  to  jr,  as  a  back  station,  in  the  usual  way ;  this  done, 
release  the  upper  plate,  and  direct  the  telescope  to  the  first 
station  a,  firom  which  A  bad  been  observed,  and  if  all  the 
intervening  angles  have  been  correctly  taken,  the  reading  of 
the  two  verniers  will  be  precisely  the  same  as  when  directed 
to  A  from  the  station  a :  this  is  called  closing  the  work,  and 
is  a  test  of  its  accuracy  so  far  as  the  angles  are  concerned, 
independent  of  the  compass  needle.  If  the  relative  situa- 
tion of  the  conspicuous  points  A,  B,  &c.  were  previously 
fixed  by  triaogulation,  there  would  be  no  necessity  to  have 
recourse  to  the  magnetic  meridian  at  all,  as  a  line  connecting 
the  starling  point  a  with  any  visible  fixed  object,  may  be 
assumed  as  a  working  meridian,  and  if  it  be  thought  necessary, 
the  reading  of  the  compass-needle  may  be  not«d  at  a,  when 
such  fixed  object  is  bisected  and  upon  the  Theodolite  being  set 
to  the  reading  of  this  assumed  meridian,  at  any  subsequent 
station,  the  compass-needle  will  also  point  to  the  same  reading 
as  it  did  at  first,  if  the  work  b  all  correct,  and  no  local  attrac- 
tion influences  the  compass. 

Wbile  the  instrument  is  at  A,  take  angles  to  all  the  con- 
spicuous objects,  particttlarly  to  such  as  you  may  hereafter  be 
able  to  close  upon,  which  will  (as  in  the  above  instance) 
verily  the  accuracy  of  the  intervening  observations ;  having 
done  this,  return  to  g  asAf,  &c  and  proceed  with  the  Survey 
in  the  same  maimer  as  before,  setting  the  instrument  up  at 
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each  bend  in  the  road,  and  taking  oSsets  to  the  right  and  left 
of  the  station  lines ;  arriving  at  i,  snrrej  up  to,  and  close  upon 
B ;  then  return  to  i,  and  proceed  &om  station  to  station  dll 
you  arrive  at  m,  where,  if  the  whole  work  is  accurate,  the 
forward  angle  taken  to  b  will  be  the  same  as  was  formerly 
taken  from  btom,  which  will  finish  the  operation. 
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CHAPTER  lY. 


On  Plotting. 

In  the  execution  of  extensive  Stirveya  npon  scientific  prin- 
ciples, the  accurate  measnrement  of  angles  is  of  the  utmost 
importance,  requiring  the  employment  of  inEtruments  of  n 
superior  construction,  as  well  as  considerable  care  and  skill 
in  their  management;  and  one  great  object  of  such  Surreys, 
being  the  correct  formation  of  Maps  and  Charts,  it  is  no  less 
essential,  that  the  angles,  when  accurately  measured,  should 
be  accurately  laid  down. 

As  the  instruments  therefore  necessary  to  be  used  by  the  Sur- 
veyor in  taking  dimensions  of  land,  are  such  wherewith  he  may 
measure  the  length  of  a  side,  and  the  quantity  of  an  angle  in 
the  field ;  so  the  instruments  commonly  used  in  making  a  plot 
or  draught  thereof,  are  such  wherewith  he  may  lay  down  the 
length  of  a  side,  and  the  quantity  of  an  angle  on  paper.  They 
therefore  consist  in  scales  of  equal  parts  for  laying  down  the 
lengths  or  distances,  and  protractors  for  laying  down  the  angles. 
The  variona  kinds  of  scales  and  protractors  in  general  use  with 
Surveyors  will  be  found  ezplEuned  in  Part  IL  of  this  work. 

The  common  method  of  plotting  is  this :  Take  a  sheet  of 
paper  of  convenient  size,  draw  a  line  thereon,  to  represent  the 
magnetic  meridian,  and  assign  any  convenient  point  on  this 
line  to  represent  the  place  where  the  Survey  commenced ;  lay 
the  edge  of  the  rectangular  protractor  on  this  meridian  line, 
and  bringing  the  centre  thereof  to  the  point  assigned  to  repre- 
sent the  place  of  beginning,  mark  off  the  degrees  and  minutes 
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of  the  first  bearing  by  the  limb  of  the  protractor,  and  draw  a 
line  from  the  place  of  beg^noing  through  the  point  so  marked, 
laying  off  its  proper  length  or  distance  by  the  scale  of  equal 
parts ;  this  line  will  represent  the  first  line  of  the  Survey. 

Through  the  point  or  termination  of  the  said  first  line  of  the 
Survey  draw  another  line,  representing  the  magnetic  meridian, 
parallel  to  the  former,  and  lay  off  the  bearing  of  the  second  line 
of  the  Survey  by  the  protractor,  and  its  length  by  the  scale  of 
equal  parts,  as  before,  and  so  proceed,  until  the  whole  is  laid 

For  Example.— 'Let  it  be  required  to  make  'a  plot  of  the 
following  Field  notes : — 

IdDe,  line. 

AB  — N.E.    sa'OO'IMit    9.17  Chs.    EF  —  N.W.  29r  30' Dist  U.WChj. 

BC  —  s.  a  106*  IS'  „    12.04  „     FG  —  s.  w.  ass-  IS'  „    I8.20   „ 

CD  —  N.W.  355°  45'    „     14.00    „      AG  —  S.  E.  173°  00'    „      21.00    „ 
DE— N.E.    40*00'    „     11.00    „ 


Ut. — Draw  any  line  as  NAS  to  represent  the  magnetic 
meridian,  and  assign  any  convenient  point  thereon  as  A  to 
represent  the  place  of  beginning  the  Survey ;  lay  the  edge  of 
the  protractor  on  the  line  NAS,  with  the  centre  thereof  at  the 
point  A  and  mark  off  52°  on  the  limb  to  the  eastward,  and 
draw  the  line  AB  through  the  point  so  marked  off,  making 
the  length  thereof  9.17  Chains  by  the  scale  of  equal  parts. 
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2nd, — Draw  another  meridian  line  NBS,  through  the  point 

B,  parallel  to  the  fonner.  Lay  the  edge  of  the  protractor  on 
this  second  meridian  line  NBS  with  the  centre  thereof  at  the 
point  B,  and  mark  off  106"  15'  to  the  eastward,  and  draw  the 
line  BC,  through  the  point  so  marked  off,  making  the  length 
thereof  12.40  Chains  by  the  scale  of  equal  parts. 

3rd. — Draw  another  meridian  line  NCS,  through  the  point 

C,  parallel  to  the  former,  lay  the  edge  of  the  protractor  to  this 
third  meridian  lineNCS,with  the  centre  thereof  at  the  point  C, 
and  mark  off  the  third  bearing  355"  45'  to  the  westward,  mak- 
ing the  length  of  the  line  CD  14.00  Chains  in  the  same  manner 
as  before,  and  so  proceed  with  all  the  other  lines  DE,  EF,  FG 
and  GA,  and  if  the  last  line  terminates  in  the  place  of  begin- 
ning or  at  the  point  A,  the  work  is  said  to  close,  and  all  is  right ; 
but  if  the  last  line  does  not  terminato  in  the  place  of  begin- 
ning, there  must  have  been  a  mistake,  either  in  taking  the 
Field-notfis,  or  in  the  protraction  of  them ;  in  such  case  there- 
fore, it  will  be  necessary,  to  go  over  the  protraction  again,  and 
if  it  is  not  found,  the  mistake  must  be  in  the  Field-notes,  to 
correct  which,  they  must  be  taken  again. 

This  method  of  plotting  is  liable  to  some  inaccuracies  of 
practice,  on  account  of  having  a  new  meridian  for  every  pta-- 
ticalar  line  of  the  Surrey,  and  on  account  of  laying  oif  every 
new  line  &om  the  point  of  termination  of  the  preceding  one, 
whereby  any  little  inaccuracy  that  may  haj^ien  in  laying  down 
one  line  is  commnuicated  to  the  rest 

These  inaccuracies  or  errors  of  plotting  may  be  partly 
obviated  where  the  Survey  is  not  very  extensive  by  the  use  <^ 
the  circnlar  protractor,  and  having  only  one  meridian  line 
assigning  a  point  thereon  for  the  banning  of  the  Survey,  all 
the  bearings  ore  lud  off  at  once  Brora,  this  point,  and  the  otiier 
p<uuts  of  the  Survey  fixed,  by  means  of  lines  drawn  parallel  to 
the  bearings,  as  laid  off  from  the  iirst  point. 

For  instance,  let  it  be  required  to  make  a  plot  <rf  the  Field- 
notes  as  ^ven  in  the  last  example. 

2  K 
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Draw  a  meridian  line  NS,  and  assign  thereon  a  point  A,  as 
the  beginning  of  the  Survey,  on  this  point  A,  place  the  centre 
of  the  circular  protractor,  with  360°  exactly  to  the  North,  and 
180°  to  the  Soath  of  this  line  NS>  mark  off  all  the  bearings  of 
the  lines  AB,  BO,  CD,  &c.,  beginning  with  the  first  and  num- 
bering it  1,  the  second  2,  and  so  on.  Then  laying  aside  the 
protractor,  cast  the  eye  about  the  tract  traced  by  the  protractor 
ibr  the  bearing  marked  1,  draw  a  line  &om  the  beginning  of 
the  surrey  or  point  A,  in  the  direction  of  the  mark  1,  and  on 
it,  lay  off  the  distance  9.17  Chains,  thus  fixing  the  point  B. 
Apply  a  parallel  rule  to  the  point  A,  and  the  mark  2,  and  move 
its  edge  up,  until  it  touches  the  point  B,  last  fixed ;  draw  a 
line  eastward  and  lay  off  &om  the  point  B,  12.40  Ghiuns,  thus 
fixing  the  point  0. 

Agun,  apply  the  parallel  role  to  the  point  A  and  mark  3, 
and  moTe  its  edge  up,  nntil  it  touches  the  last  point  fixed  or 
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C,  draw  a  line  thence  northward  and  lay  off  on  it  the  distance 
14.00  fixing  the  point  D. 

In  the  same  manner,  ^PP^J  ^^  parallel  role  to  the  point  A, 
and  the  several  other  bearings,  marked  4,  5,  6  and  7,  and 
lastly,  the  hearing  &om  the  last  point  fixed,  or  point  G,  will 
fall  exactly  into  the  first,  which  closes  the  plot ;  it  is  almost 
tmnecessary  to  observe,  that  the  dotted  lines  in  the  diagram, 
are  drawn  only  to  illustrate  the  operation,  and  that  in  practice 
it  is  only  necessary  to  mark  the  nmnbers  1,  2,  3,  &c.,  round 
the  tract  traced  by  the  protractor. 

This  method,  now  in  general  nse  among  Surveyors,  saves 
the  trouble  of  shifting  the  protractor  at  every  bearing  and  also 
insures  greater  accuracy  in  the  plotting,  as  a  great  number  of 
bearings  being  laid  down  from  one  meridian,  a  trifling  error  in 
the  direction  of  one  line  does  not  affect  the  next;  the  accuracy 
of  the  plot,  however  depends  much  upon  using  a  parallel  rule 
that  moves  truly  parallel,  which  it  is  well  to  look  to  before 
proceeding  to  this  mode  .of  plotting. 

Triangles  are  more  accurately  protracted  by  means  of  their 
sides  than  by  their  angles,  and  one  side  only,  for  measures  of 
length  can  be  taken  from  a  scale  and  transferred  to  paper  with 
more  exactness  than  an  angle  can  be  pricked  off  from  a 
protractor. 

In  plotting  an  extensive  survey,  it  is  in  most  cases  requisite 
to  show  die  direction  of  the  meridian  and  it  therefore  becomes 
necessary  to  lay  down  from  one  of  the  principal  stations  the 
azimathal  angle  subtended  by  some  other  station  and  the 
meridian:  now  this  angle  cannot  be  laid  off  from  a  protractor, 
even  of  the  most  approved  conatraction,  so  accurately  as  the 
plotting  of  the  triangulation  may  be  made  from  the  measored 
or  computed  sides  of  the  triangles.  To  obtain  a  correspond- 
ing degree  of  exactness,  recourse  must  be  had  to  some  other 
method,  and  the  following  described  by  Mr.  Simms*  is  the 
best  that  we  have  seen  practised. 

*  Trentiae  on  SuTreying  InstnuDentg,  &o. 
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Let  AB  be  the  side  of  a  triangle,  the  azimuthal  angle  of 
which  has  been  ascertained  with 
rderence  to  NS,  the  meridian 
Hue.  Take  from  an  accurately 
tUvided  diagonal  scale,  exactly 
5  inches  aa  a  radius,  and  &om  A, 
as  a  centre,  describe  an  arc  CD ; 
ROW  the  chord  of  an  arc  being 
equal  to  twice  the  ^e  of  half 
the  arc,  the  chord  CD  b  equal 
to  twice  C£,  tlie  ^e  of  half 
the  an^e  CAD.  Take  a  radius 
AF  equal  to  twice  AO,  and 
describe  the  arc  FG  intersecting 
the  radius  AB  in  F,  draw  the 
nne  FH,  tlien  by  ^milartriangles, 

AF:  AC::FH:CE,but 
AF  =  2AC  by  construction,  therefore 
FH  =  2CE  =  CD; 
that  is,  the  chord  of  a  ^ven  arc  is  equal  to  the  sine  of  half  the 
arc  with  double  the  radius. 

The  radius  of  the  tables  of  natural  sines  is  equal  to  1  or  1 0 ; 
and  haying  taken  the  half  of  10  or  5  inches  for  the  radiusAC, 
the  natural  sine  of  half  the  given  angle  taken  &om  the  tables 
will  correspond  to  FH,  the  sine  of  half  the  given  angle  with 
double  the  radios ;  but  FH  was  proved  equal  to  CD ;  the 
natural  sine  therefore  of  half  the  given  angle  to  a  radius  10, 
will  be  equal  to  the  chord  of  the  whole  angle  to  a  radius  5. 
Having  taken  that  distance  from  the  same  scale  of  inches  as 
the  radius,  place  one  foot  in  tiie  point  C,  and  with  the  other 
mark  the  point  D  on  the  arc  CD,  then  through  D  and 
A  draw  the  line  NS,  which  will  be  the  direction  of  the 
meridian. 

This  method  of  laying  oflF  angles  may  also  be  conveniently 
employed  in  dividing  a  circle  to  be  used  as  a  protractor,  and 
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which  can  be  made  either  on  the  same  sheet  of  paper,  intended 
to  receive  the  drawing,  or  on  a  separate  sheet  of  card-board, 
when  it  may  be  preserved  and  nsed  an  after  occafflons.  The 
great  difficulty  of  dividing  a  circle  tu:curatelj  is  well  known, 
hot  if  tiie  arcs  are  laid  off  hy  means  of  their  chords,  the 
division  may  be  performed  with  great  exactness. 

A  protractor  laid  down  upon  the  paper,  enables  the  drafts- 
man to  plot  the  work  with  great  rapidity,  and  with  less  chance 
of  error,  when  the  scale  is  small,  than  by  the  method  of  lay- 
ing off  angles  by  placing  the  centre  of  a  metallic  protractor 
at  every  angular  point,  and  pricking  off  the  angle  from  its 
drcolar  edge. 

During  the  time  which  must  necessarily  be  occopied  in 
plotting  an  extensive  and  minute  Survey,  die  paper  which 
receives  the  work  is  often  sensibly  affected  by  the  changes 
which  take  place  in  the  faygrometrical  state  of  the  air,  causing 
much  annoyance  to  the  draitsman,  as  the  parts  laid  down  Irom 
the  same  scale  at  different  times  will  not  exactly  correspond. 
To  remedy  in  some  measure  this  inconvenience,  it  has  been 
reconunended  that  the  apartments  appropriated  to  the  purposes 
of  drawing,  should  be  constantly  kept  in  as  nearly  the  same 
temperature  as  possible  and  also  that  the  intended  scale  of  the 
plan  should  be  first  accurately  laid  down  upon  the  paper 
itself;  and  from  this  scale  all  dimensions  for  the  work  should 
invariably  be  taken,  as  the  scale  wonld  always  be  in  the  same 
state  of  expansion  as  the  plot,  though  it  may  no  longer  rebun 
its  original  dimensions. 

Another  method  of  protracting  a  Survey,  and  by  which  the 
inconveniences  of  the  above  methods  are  avoided,  and  by 
which  also  the  accuracy  or  oth^Twise  of  the  Field-work  is 
decided  with  precision  and  certainty,  will  be  prraently  treated 
of,  in  the  meanwhile  we  refer  the  reader  to  Chap.  8  and  9, 
Part  n.,  where,  in  describing  the  use  of  the  several  instru- 
ments used  in  plotting,  further  instmclions  are  given,  and 
close  this  chapter  by  extracting  from  Mr.  Bradley*^  valuable 
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work  on  Practical  Geometry,  the  following  iiselul  rales,  appli- 
cable to  Geometrical  construction : 

1.  Arcs  of  circles,  or  right  lines  by  which  an  important 
point  is  to  be  found,  should  never  intersect  each  other  very 
obliquely,  or  at  an  angle  of  less  than  15  or  20  degrees ;  and, 
if  this  cannot  be  avoided,  some  other  proceeding  should  be 
had  recourse  to,  to  define  the  point  more  precisely. 

2.  When  one  arc  of  a  circle  is  described,  and  a  point  in  it 
is  to  be  determined  by  the  intersection  of  another  arc,  this 
latter  need  not  be  drawn  at  all,  but  only  the  point  marked  oS 
on  the  first,  aa  it  is  always  desirable  to  avoid  the  drawing  of 
annecessary  lines.  The  same  observation  applies  to  a  point  to 
be  determined  on  one  straight  line  by  the  intersection  of  another. 

3.  Whenever  the  compasses  can  be  used  in  any  part  of  a 
construction,  or  to  construct  the  whole  problem,  they  are  to 
be  preferred  to  the  rule,  unless  the  process  is  much  more  cir- 
cuitous, or  unless  the  first  rule  (above)  forbids. 

4.  A  right  line  should  never  be  obtained  by  the  prolonga- 
tion of  a  very  short  one,  unless  some  point  in  that  prolonga- 
tion is  first  found  by  some  other  means,  especially  in  any 
essential  part  of  a  problem. 

5.  The  larger  the  scale  on  which  any  problem,  or  any  part 
of  one,  is  constructed,  the  less  liable  is  the  result  to  error: 
hence  all  angles  should  be  set  off  on  the  largest  circles  which 
circumstances  will  admit  of  being  described,  and  the  largest 
radius  should  be  taken  to  describe  the  area  by  which  a  point 
is  to  be  found  through  which  a  right  hne  is  to  be  drawn ;  and 
the  greater  attention  b  to  be  paid  to  this  rule,  in  proportion 
as  that  step  of  the  problem  under  consideration  is  conducive 
to  the  correctness  of  the  final  result. 

6.  All  lines,  perpendicular  or  parallel  to  another,  should 
be  drawn  long  enough  at  once,  to  obviate  the  necessity  of 
producing  them. 

7.  Whenever  a  line  is  required  to  be  drawn  to  a  point,  in 
order  to  insure  the  coincidence  of  them,  it  is  better  to  com- 


jM,Cooglc 


mence  the  line  from  the  point;  and  if  tiie  line  is  to  pass 
through  two  points,  before  drawing  it  the  pencil  shonld  be 
moved  along  the  mle,  so  as  to  ascertain  whether  the  line  will, 
when  drawn,  pass  through  them  both.  Thus,  if  several  radii 
to  a  cirde  were  required  to  pass  through  any  number  of  points 
respectively,  the  lines  should  be  begun  from  the  centre  of  the 
circle  j  any  error  being  more  obvious  when  several  lines  meet 
in  B  point 
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CHAPTER  V. 


On  Offsets,  and  the  various  Peactical,  Methods 

OF    FINDING    AbEAS,    INCLUDING   THE    REDUCTION    OP 
IhCLTMED  TO  HOBIZONTAL  PLANBa 

The  area  of  the  principal  triangles  in  a  Surrey,  should,  in  all 
cases,  be  computed  from  the  length  of  their  sides,  as  obtained 
from  the  Field-book.  The  operation  is  simple,  by  the  follow- 
ing rule : — 

Rule. — Add  the  three  sides  together,  firom  half  ihe  sum  of 
the  sides  subtract  each  side  severally.  Multiply  the  half  sum 
and  three  remainders  together,  the  square  root  of  their  pro- 
duct will  be  the  area,  or — 

By  Logarithms,  which  method  is  a  much  shorter  calculation 
than  the  former:  To  the  Logarithm  of  half  the  sum  of  the 
sides,  add  the  Logarithms  of  the  three  remainders,  the  sum  of 
these  Logarithms  divided  by  2,  will  be  the  Logarithm  <^  the 
area. 

To  find  the  area  of  offsets  by  calculation :  Multiply  half  the 
sum  of  each  successive  piur,  by  the  distance  on  the  Chain 
line  between  them,  the  sum  of  all  these  separate  areas,  will 
give  the  area  of  the  whole  ofiset  on  the  Cb^n  line. 
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Example. 
Let  the  subjoined  plot  of  Field-notes  represent  the  OBsets 
taken  to  a  boundary  on  the  station  line  AB. 


Then,  to  the  right  of  the  Chain  line, 

2-SO  =  double  theAjMorTTiuigleAaf' or  0-75 


AaX<V<»3'0OX 
' AS  —  Ao  =  a*  X  ag  +  bh or 060  X 3-5' 
Ae  — Aft  =*c  X  M  +  ci  ,.1-60x3* 
Ad  — Ac  =B<I  X  ri  ,.2-00X2W 


Trspeioid,  bagh  „  0*175 


And  to  the  left  of  the  Chain  line, 

■60  X2'00  =  double  the  Area  of  Triangle  rfigoi 


Ac  —  Ad  f=  ife  X  O 
A/-A*=</-Xg+7* 


■  1-30  X  2-90  = 

.  a-Mxo-M  = 


Trepeioid  ^   „  0116 
TiuDgle     ^/l  „  0252 


If  the  Survey  has  been  performed  keepuig  the  work  to  the 
Uft  hand,  the  oflsets  to  the  right  of  the  Chain  line,  are  addi- 
tive, and  those  to  the  left  are  subtractive  from  the  total  area 
of  the  figure;  if,  on  the  contrary  the  Survey  has  been  done, 
keeping  the  work  to  the  right  hand,  the  reverse  of  the  above 
takes  place,' 

It  will  then  be  1-027  —  0-334  =  0-693  Acres  or  0  Acr. 
2  Rds.  31  Per.  the  balance  area  of  the  offsets,  to  be  added  or 
subtracted  as  the  case  may  be. 

2   J. 
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In  all  cases  of  oflsets  to  a  boiindary  line,  the  only  two 
figures  met  with  are  the  triangle  and  the  tn^zoid,  the  former, 
when  the  boundary  runs  &om  the  station  point  to  the  first 
offset,  or  where  the  boundary  crosses  the  Chain  line ;  and 
the  latter  by  each  pair  of  successive  offsets,  forming  the  two 
parallel  sides  of  the  trapezoid.  The  rules  for  finding  the  areas 
of  both  the  triangle  and  the  trapezoid,  are  given  at  Pages  63 
and  64. 

Various  are  the  methods  of  obtaining  contents  Irom  the  direct 
measurement  of  planes  and  we  have  in  Fart  I.  described  the 
method  of  dividing  irregular  figures  into  triangles  and  tra- 
pezia (Page  65,)  as  well  as  reducing  them  to  a  single  triangle 
(Prob.  12,  Pages  71  and  72,)  but  the  chief  art  in  computing, 
consists  in  finding  the  content  of  pieces  of  land,  bounded  by 
cnrved  or  very  irregular  lines,  or  in  reducing  such  crooked 
sides  of  fields  or  boundaries  to  straight  lines  that  shall  enclose 
the  same  or  equal  area,  with  those  crooked  sides,  and  so  obtain 
the  area  of  the  curved  figure  by  means  of  the  right-lined  one, 
which  will  commonly  be  a  trapezium.  This  reducing  of  the 
crooked  sides  to  straight  ones,  is  very  easy  and  accurately  per- 
formed in  the  following  manner; — 

Apply  the  straight  edge  of  a  thin,  clear  piece  of  lantern- 
horn  or  talc,  to  the  crooked  line,  which  is  to  be  reduced,  in  such 
a  manner,  that  the  small  parts  cut  off  irom  the  crooked  figure 
by  it,  may  be  equal  to  those  which  are  taken  in,  which  giving 
and  faAz'ny  aa  it  is  called,  can  be  judged  of  very  nicely  by  a  little 
practice ;  then  with  a  fine  pointed  pencil,  draw  a  line  by  the 
straight  edge  of  the  horn,  and  do  the  same  on  the  other  sides 
of  the  figure ;  the  straight  sided  figure  thus  obtained,  will  be 
equal  to  the  curved  one,  the  content  of  which,  will  be  equal 
to  the  content  of  the  crooked  figure  preposed. 

Instead  of  the  straight  edge  of  the  bom,  a  horsehair,  or  fine 
thread,  may  be  applied  across  the  crooked  sides  in  the  same 
manner;  and  the  easiest  way  of  using  the  horsehiur,  is  to 
string  a  small  slender  bow,  made  of  whalebone  or  thin  bam- 
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boo  with  it.  for  the  bow  keeping  the  hair  always  stretched, 
it  can  be  easily  and  neatly  apfdied  with  one  hand,  while  the 
other  is  at  liberty  to  make  two  marks  by  the  side  of  it,  to 
draw  the  straight  line  by. 

We  will  mention  one  other  method,  which  for  accuracy  and 
despatch  of  work  fbr  small  parcels  of  land,  and  particularly 
d&eta  is  fer  superior  to  any  of  those  already  named. 

This  consiats  of  a  piece  of  transparent  horn  or  talc,  as  thin  aa 
will  admit  of  strength,  divided  off  into  squares  of  acres  and 
roods;  to  do  which,  describe  a  rectangle,  on  whatever  scale 
the  work  is  protracted  on,  of  80  Chains  by  72,  divide  each  side 
into  24  equal  parts,  and  draw  lines  across  joining  the  divisions, 
then  will  each  small  square  be  equal  to  one  acre,  for  80  Chains 
multiplied  by  72  Chains  =  576  acres  and  the  square  of  24  is 
also  576 ;  on  one  side  of  the  rectangle  these  squares  may  be 
divided  off  into  roods  if  necessary. 

To  tise  this  "  Talc  Square"  aa  it  is  called,  place  any  of  the 
lines  drawn  across  it,  on  the  Station  line  of  the  Survey,  in 
such  a  manner,  that  the  offsets  to  the  right  and  left  of  the 
line  may  be  all  brought  within  the  small  squares  of  the  rec- 
tangle ;  then  holding  the  talc  firm  with  the  left  hand  and  with 
a  pair  of  compasses  in  the  right  hand,  commence  at  one  end 
of  the  line  and  measure  the  length  of  such  portion  of 
the  o£^t  from  the  Chmn  line  (balancing  the  irregular  edges 
as  near  as  possible)  aa  may  fall  within  each  row  of  small 
squares,  commencing  with  the  first  row  on  the  right,  adding 
this  on,  by  opening  out  the  compasses,  to  the  portion  contained 
in  the  second  row,  this  again  to  the  portion  contained  in  the 
third  row  and  so  on ;  if  the  offset  passes  to  the  left  of  the 
Chain  line,  draw  in  the  compasses  fi*om  the  Chain  line  to  the 
ofisetfSo  will  the  area  of  offset  to  the  left  of  the  line  he  deduct- 
ed ;  then  measure  the  distance  in  the  compasses  along  one  side 
of  the  rectangle,  and  the  number  of  squares  contained  within 
the  two  legs,  will  be  the  area  in  acres  and  parts  of  an  acre  of 
the  offset. 
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The  following  diagram  represents  a  talc  square,  divided  off 
into  acres,  placed  over  the  Station  line  YZ,  the  crooked  line 
as  seen  through  the  talc  representing  a  boundary  line. 
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To  calculate  tlie  area  of  the  ollsets  on  the  line  YZ,  com- 
mence at  Z  and  measure  the  distance  ab,  keeping  this  distance 
in  the  compasses,  place  the  upper  leg  of  the  compares  at  c,  and 
open  them  out  to  d,  place  the  upper  leg  again  at  e,  and  open 
them  out  to_/i  again  from  g  to  h,  and  from  i  to  J,  here  the 
offset  going  to  the  left  of  the  line,  place  the  upper  leg  of  the 
compasses  on  the  Chain  line  at  A,  and  draw  them  in  towards 
/,  then  at  m  drawing  them  in  to  n,  at  o,  drawing  them  in  to 
p,  and  at  J  to  r,  the  offset  again  proceeding  to  the  right  of  the 
line,  the  upper  leg  of  the  compasses  must  be  placed  on  s,  open- 
ing them  out  to  I,  from  m  to  w  and  from  «j  to  a^,  then  will  the 
number  of  squares  contained  within  the  compasses  be  the 
number  of  acres  and  parts  of  an  acre  contained  in  the  offset 
on  the  line  YZ. 

In  the  above  diagram,  the  dots  on  the  Chdn  line,  and  on 
the  offset,  show  the  measurements  to  be  taken  wiUi  the  upper 
leg  of  the  compasses  and  the  dots  below  show  where  the  under 
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log  of  the  compaaaeB  woold  fall  in  making  the  above  meaaure- 
ments,  observing  that  the  distance  from  dot  1  to  c  ^  afi,  dot  2 
to  e  =  dot  1  to  (;f,  dot  3  to  y  —  dot  2  to  /,  dot  4  to  t  —  dot 
3  to  A,  dots  to  k  »  dot  4  toy,  and  so  on  to  the  end  of  the  line. 
This  instrnment  can  also  be  used  for  finding  the  content  of 
irregular  figures  of  anj  shape,  and  is  particularly  adapted  for 
checking  the  areas  of  villages  surveyed  on  the  Traverse 
system,  whose  area  is  obbuned  by  a  calculation  quite  indepen- 
dent of  a  plot  as  will  be  hereafter  explained. 

The  best  method  of  making  these  "Talc  Squares"  is  to  draw 
the  rectangle  and  small  squares  correctly  on  a  piece  of  draw- 
ing paper  or  card-board  with  a  fine  steel  pen,  keeping  this  as  a 
pattern,  and  whenever  a  talc  square  is  required,  to  lay  the 
talc  over  this,  fastening  it  at  the  comers  with  a  little  gum,  to 
prevent  its  slipping,  and  with  the  point  of  a  pricker  to  scratch 
the  lines  across  the  talc :  when  they  are  all  drawn,  a  mixture 
of  lamp  black  and  oil  should  be  rubbed  well  into  the  marks ; 
round  the  edge  of  the  talc,  paste  a  narrow  edging  of  paper  to 
prevent  its  breaking. 

In  connection  with  the  subject  of  areas  or  superficial  con- 
tents, we  come  to  the  consideration  of  an  important  principle, 
viz.,  ^e  reduction  of  the  lines  measured  over  steep  slopes  to 
the  horizontal  plan& 

Having  to  lay  down  on  a  plane  or  flat  surface,  boundaries 
and  lines  at  different  inclinations,  in  order  to  avoid  distortion 
in  the  out-line,  and  to  bring  all  the  details  duly  within  the 
framework,  it  is  abaolately  necessary  that  we  refer  to,  or 
project  all  lines  and  points  upon  a  plane.  The  plane  adopted 
to  receive  this  common  projection  is  the  horizontal  plane.  It 
is  not  therefore  the  actual  surface  that  we  have  to  protract,  but 
the  diminished  quantity  that  would  result,  had  the  whole 
been  reduced  to  a  horizontal  plane. 

It  is  therefore  necessary  to  reduce  all  sloping  or  hypothe- 
nnsal  distances  to  their  horizontal  lengths.  When  the  lines 
are  long,  and  the  slopes  much  varied  and  considerably  inclined, 
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this  reduction  ought  to  be  made  by  calcuktion,*  or  ai  leoat 
by  reference  to  tables  of  reduction  of  bypothenuaal  lengths  to 
horizontal  ones  as  given  below. 


TABLE  I. 

each  Chtun's  Length,  foi  tbeTol- 
lowing    Angles  of  Elevation   and 

TABLE  II. 

Inclined  Planes,  for  the  rollowing 

Angle. 

Ro- 

lacts. 

Angle. 

sS^. 

Ad^. 

Ra- 

Angle. 

Qnein 

Angle 

Onein 

Angle. 

auBia 

4°.  0 

30 

7°.  0 
30 

30 

0.23 

0.38 

0.56 
0.66 

0.75 

o.8e 

0.98 
1.10 

9".    0 
30 

10».   I> 

30 

11°.   0 

311 

12°.  0 
30 

130.  0 

30 

U°.  0 
30 

l.M 
1.38 

1.63 

1.68 

1.84 
3.01 

8.19 
3.37 

3.66 

2.77 

2.97 
3.18 

15°.  t 

18°.  0 

170.  0 
30 

18°.  0 
30 

19*.  0 
30 

20°.  0 

3. 

8.40 
3.64 

3.88 
4.12 

4.37 

4.63 

4.00 
5.17 

5.44 
6.74 

6,n3 
6.33 

0°   15 

0.  30 
i>.    46 

1.  0 
I.    16 
1.    30 
1.    46 
3.      0 
3.    15 

114 

76 
■  56 
46 

36 
23 
31 
19 
16 

3=  Stf 

3.  45 

4.  0 
4.    15 

4.  30 

5.  0 
5.    16 

5.  30 

6.  45 
6.     0 
B.   30 

a.  46 

17 
16 
15 
14 
18 
18 

Hi 

lOi 

10 
H 
9 

8J 

7.30 
8.   0 
0.   0 

10.  0 

11.  0 

12.  0 

13.  0 

14.  0 
16.    0 
16.    0 
17-    0 
18.   0 

8 

n 
7 

6i 
6 
5| 
61 

6 
*i 

31 

31 
H 

The  reduction  fbr  one  Ch^n  (liom 
the   above  Tatile)  muMpUed  by  the 
number  of  Chains,  will  ^ive  the  quan- 
tity to  be  aubtracted  froni  the  mea- 

duce  it  to  boriiioiital  meaaure. 

2.  46 

3.  0 
3.    15 

Tables  of  reduction  are  engraved  on  the  vertical  arc  of 
Theodolites  which,  while  they  show  on  one  side  the  angle  of 
elevation  or  depression,  give  on  the  other  the  number  of  units 
per  hundred,  that  have  to  be  deducted  to  reduce  the  hypo- 
thennsal  line  to  its  corresponding  horizontal  length. 

*  Tbis  calculation  is  simple  :  Suppose  AC  to 
represent  the  horizontal  plane,  and  AB  the 
measured  line;  the  angle  of  elevation  BAC 
being  taken  with  the  Theodolite,  we  have  the 
aide  AB,  the  angle  BAC,  and  the  angle  BCA,  '^ 
a  right  angle,  to  find  the  line  AC,  which  ia  the  borizontal  length  required 
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In  small  Surveys,  especially  those  made  with  the  Chain 
only,  an  allowance  or  reduction  is  genendly  made  in  the  field 
by  construction  or  estimation  as  the  measurement  proceeds. 
If  the  slope  he  not  very  steep,  the  reduction  is  accomplished 
by  holding  the  lower  end  of  the  Cb^n  above  the  ground,  as 
nearly  horizontal  as  can  be  judged  by  the  eye,  allowing  a 
plummet  to  hang  from  the  hand  that  holds  the  Chain,  in  order 
to  point,  to  where  the  arrow  should  be  placed. 

When  perfect  accuracy,  however,  is  sought,  and  when  tiie 
Survey  is  extensive,  the  angles  of  inclination  should  be  observed, 
and  the  proper  deduction  obtained  by  computation,  and  allowed 
for  when  the  work  is  being  plotted. 
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CHAPTER  VI. 


On   THE   TaAVEGSE   SYSTEM  AND  GaLe'S   METHOD  OP 

Surveying. 

A  Tbaveebe  may  be  defined  as  a  circnitons  route  performed 
on  leaving  any  place  on  fhe  earth's  surface,  by  stages,  in  differ- 
ent directions,  and  of  varioas  lengths,  with  a  view  of  arriving 
at  any  other  phice  situated  in  any  direction  with  reference  to 
the  former,  and  at  any  distance  therefrom  which  cannot  he 
reached  in  the  direction  of  the  shortest  line  connecting  them. 
The  angles  which  the  stages  or  station  lines  form  with  the 
meridian  are  called  "  bearings"  the  quantity  of  Northing  or 
Southing  made  in  each  distance,  is  called  tiie  d^ereuce  of 
latitude,  and  the  amount  of  Easting  or  Wesdng  is  termed  the 
departure. 

When  the  bearing  corre9p(mdB  with  the  meridian,  or  with 
the  perpendicular  to  it,  there  will  in  the  former  case  be 
no  difilerence  of  latitude,  and  in  the  latter  no  departure,  and 
the  distance  measured  will  itself  express  the  amount  of  North- 
ing or  Southing,  or  of  Easting  or  Westing  due  to  the  change 
of  position. 

When,  howeverj  the  bearing  does  not  correspond  with  the 
meridian  or  with  the  perpendicular  to  it,  there  will  be  for 
every  distance  measured  a  certain  corresponding  change  both 
in  latitude  and  longitude  (or  departure);  and  as  these  will  with 
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reference  to  their  particular  distance  answer  the  condition  of 
our  definition,  Uiey  may  with  propriety  be  termed  the  traverses 
of  the  distances : 

We  will  therefore  define : 

1st.  Meridians  as  North  and  South  lines,  which  are  sup- 
posed to  pass  through  eyeiy  station  of  a  Survey,  miming  pa- 
rallel to  each  other.* 

2nd.  The  difference  of  latitude  or  the  Northing  or  Southing 
of  any  line,  as  the  distance  that  one  end  of  a  line  is  North  or 
South  fr<Ha  the  other  end. 

3rd.  The  departure  of  any  line,  as  the  perpendicular  dis- 
tance &om  one  end  of  the  line  to  a  meridian  passing  through 
the  other  end. 

In  the  3rd  Cor.  Theor.  V-,  (page  12,)  it  is  stated  and  proved, 
"  that  all  the  interior  angles  of  any  rectilineal  figure,  together 
with  four  right  angles,  are  equal  to  twice  as  many  right  angles 
as  the  figure  has  sides"  or  in  other  words  that — 

In  any  rectilineal  fiffaret  the  mm  of  all  the  interior  angles, 
is  equal  to  twice  as  many  right  angles  as  the  figure  has  sides, 
less  four  right  angles. 

This  forms  the  basis  on  which  the  Revenue  Survey  operar 
tions  in  India  are  conducted.  The  Traverse  System  is  a 
method  of  computation  by  rectangular  co-ordinates,  and  is 
applicable  to  any  mode  of  surveying,  whatever,  such  as  Route 
Surveys,  Railway  Lines,  Navigation  Courses  and  the  like,  where 
every  Station  is  fixed  by  distances  on  the  meridian  and  per^ 
pendicular,  and  this  is  essential  to  Gale's  System,  which  may 
be  termed  the  periphery  meaaoring  or  perimetrical  method. 
By  throwing  a  series  of  angles  over  the  face  of  a  country,  and 
forming  a  network  of  large  circuits,  the  liability  of  error 
is  reduced  within  the  narrowest  Umits,  which  the  means  at 


*  These  meridianB  are  not  really  parallel,  but  comei^  towards  the  poles 
of  the  earth,  but  so  iaseasibly  aa  not  to  be  worthy  the  noUce  of  a  Sur- 
Te;or*i  operatioua  withia  a  limited  space. 
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disposal  permit.  This  angular  Circmt  System,  in  extensive 
operations  in  a  country  like  India,  with  instruments  of  the 
best  construction  and  moderate  power  and  size,  can  alone 
enable  a  Surveyor  to  carry  out  in  practice  the  theoretical 
accuracy  of  the  Traverse,  and  permit  by  the  aid  of  logarithmic 
calculation  an  approximation  to  the  proof  required,  viz. : 

^Ist  "  That  the  sums  of  all  the  interior  angles  shall  be 
equal  to  twice  as  many  right  angles  as  the  figure  has  sides, 
less  four  right  angles'*  and— 

2nd.  As  regards  the  linear  measurements,  "  That  the  sums 
of  the  Northing  be  equal  to  the  sums  of  the  Southings,  and 
the  sams  of  the  Eatings  be  equal  to  the  snms  of  the  Westings, 
which  latter  will  be  presentiy  expliuned. 

It  is  not  intended  to  be  advanced  that  the  Indian  System  will 
bear  comparison  with  the  Ordnance  Survey  of  Great  Britain,  as 
respects  the  Geometrical  principles,  on  which  they  are  reflec- 
tively based.  The  latter  is  on  a  Trigonometrical  basis  throngh- 
out,  and  the  errors  in  detail  have  never  reached  the  assigned 
limits  of  j^u  of  superficial  or  ^Jg  of  linear  measure.  The  peri- 
phery measurement  system  of  India  is  not  capable  of  giving  re- 
sults so  accurate  as  the  Ordnance  Survey  System,  because  a 
space  is  not  rigorously  represented  by  its  perimeter,  at  the  same 
time  where  boundaries  are  the  chief  object  of  the  Survey,  the 
Eumplicity  of  the  latter  system,  is  animmense  advantage,and  con- 
sidering the  expenditure  of  time  and  money  the  results  of  the 
Indian  System  are  admirable.  The  country  could  not  possibly 
be  surveyed  so  ecfmomically,  ot  so  rapidly  in  any  other  way, 
and  bearing  in  mind  the  relative  value  of  ground  in  the  two 
coontries  it  would  not  be  advisable  to  adopt  the  more  expen- 
sive and  more  accurate  system  of  the  Ordnance  Survey, 
it  would  in  fact  be  an  endless  job  in  snch  a  vast  em- 
pire, a  complete  first  Survey  likewise,  being  most  urgentiy 
needed. 

Hutton  in  speaking  of  the  Traverse  Table,  observes  "  tiiat 
this  mode  of  surveying  large  tracts  of  lands  was  made  use  of 
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by  Mr.  Norwood,  bo  far  back  as  1 635,  and  he  adds  that  in  Plot- 
ting the  Sorrey  of  a  coanby  thus  taken,  the  Girctut  Station 
lines,  though  consistbg  of  many  hundreds,  may  be  reduced  to 
a  few  for  the  first  closing,  and  the  like  for  the  intermediates 
of  each  line  first  plotted  by  which  every  station  may  perhaps 
be  more  truly  pUced  than  by  any  other  method."  The  above 
remark  is  extremely  accurate  and  there  is  no  mode,  so  effica- 
cious as  the  one  advised.  By  it  can  be  carried  on  a  Survey 
methodically  and  accurately  and  the  operation  is  wonderfully 
simplified,  which  by  any  other  process  would  be  involved  in  dif- 
ficulty, error  and  confusion ;  and  since  the  meridian  and  perpen- 
dicular colomns  of  the  Traverse  admit  of  the  Station  lines  being 
plotted  by  mere  pMa  scale  and  compass,  it  woold  be  difficult 
by  any  other  method  to  effect  this  part  of  the  work  so  easily, 
and  by  no  means  cotild  a  circuit  measurement  and  its  area  be 
made  and  determined  with  the  precision  the  Universal  Theorem 
admits  o£* 

However  correctly  distances  may  be  measured,  unless  the 
angular  work  is  also  correct^  the  result  will  be  misatisfactory, 
but  with  both  these  data  accurately  determined,  the  proof  will 
be  cert^n,  and  it  will  be  observed,  how  admirably  each  step  in 
the  work  proves  the  other,  and  what  confidence  the  system 
gives  to  a  Surveyor  who  has  no  need  whatever  to  put  any  of 
bis  work  <m  paper,  but  with  his  Traverse  correct,  may 
produce  his  map  at  any  future  period  with  undoubted 
certainty. 

We  will  now  proceed  to  expliun  the  mode  of  Surveying  by 
Traverse. 

Draw  any  figure  such  as  ABCDEFGHUA,  represent- 
ing the  sides  of  an  irregular  Polygon. 


*  Hemoranda  on  the  mode  of  Survefin^  adopted  in  the  Berenue  Surveys, 
by  Major  Wroaghton,  Deputj  Snrrejor  General,  in  the  Agra  Priuted  Belec- 
tions  from  public  Comspondeuce,  Fart  3rd. 
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If  tlie  Theodolite  is  first  set  up  at  the  station  A,  and  the 
interior  angle  JAB  is  observed  and  then  at  B,  observing  the 
interior  angle  ABO,  at  C,  the  interior  angle  BCD,  and  so  on 
all  round  the  polygon,  then  will  the  snm  of  all  the  interior 
angles,  JAB,  ABC,  BCD,  &c,  be  equal  to  ten  times  two  right 
angles  (the  figure  having  ten  sides)  less  four  right  angles 
or  180°  X  10  —  360°  =  1440". 

In  practice  it  will  be  found  that  this  result  cannot  be  exactly 
attained,  and  that  the  sum  of  the  angles  will  generally  amoont 
to  two  or  three  minutes  more  or  less ;  to  meet  this,  a  correction 
of  one  minute  in  every  four  or  five  angles,  additive  or  sub- 
tractive  as  the  case  may  need,  is  generally  necessary  to  obtain 
'  the  result  required. 
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Having  thus  proved  the  angular  work  correct,  the  next 
operation  is  to  obtain  the  Bearings  of  the  several  sides  of  the 
polygon  or  angles  subtended  by  these  sides  with  the  meridian. 
This  is  either  done  by  the  magnetic  needle  on  the  theodolite 
or  by  astronomical  observation,  (the  latter  will  be  treated 
of  hereafter  in  Part  V.  and  various  methods  given  for  a»;er- 
taining  the  true  Bearing  of  an  object)  but  as  all  the  Reve- 
nue Surveys  in  India  progress  on  the  true  meridian  of  the 
earth,  we  shall  therefore  treat  only  of  true  meridional  Bear- 
ings or  angles  formed  by  each  line  with  the  true  meridian. 
If  the  Theodolite  were  adjusted  in  the  plane  of  the  meridian 
on  every  station  of  a  Survey,  we  should  find  no  difficidty  in 
obt^ning  the  true  Bearing  of  each  line,  hnt  as  this  would  be 
very  troublesome  and  next  to  impossible,  it  is  only  necessary 
in  practice  to  obtain  the  correct  Bearing  of  the  first  line  of  a 
Survey  from  which  by  the  assistance  of  the  angular  work  the 
Bearings  of  the  other  lines  can  be  deduced. 

This  true  Bearing  being  once  established  has  only  to  be 
checked  and  corrected  by  similar  means  after  every  50  or  100 
square  miles  of  country  traversed,  and  it  will  be  found  seldom 
to  exceed  from  5  to  10  minutes  of  a  degree  from  the  true 
meridian,  whereas,  if  the  magnetic  needle  was  used,  an  error 
of  15  or  30  minutes  is  scarcely  traceable  in  a  single  observa- 
tion and  where  so  many  instroments  are  in  use,  all  giving 
a  different  magnetic  variation,  It  is  plain,  that  without  this 
method  of  deducing  the  azimuths  from  the  angular  observar 
tions  the  utmost  conftision  would  arise. 

Rule. — To  the  Bearing  of  the  line  preceding  that  of  which 
the  Bearing  is  sought,  add  the  inward  angle  formed  by  these 
two  lines,  and  the  sum  increased  or  diminished  by  180°  accord- 
ing as  it  may  be  less  than,  or  in  excess  of  ISO"  will  be  the 
Bearing  of  the  next  line  sought 

Before  proceeding  to  prove  the  above  rule,  we  will  first 
premise,  that  in  all  modem  Theodolites  the  divisions  are  num- 
bered round  the  circle,  from  0"  to  360,"  so  that  the  Be&ring  of 
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any  object  between  0°  and  90"  is  reckoned  North-East,  between 
90'  and  180"  Soutb-East,  between  180°  and  270°  South- West 
and  between  270°  and  360°  North-West,  0",  90°,  180°,  270% 
being  reepectirelj  due  North,  South,  East  and  West. 

This  method  of  reckoning  the  Bearings  of  objects  is  by  far 
the  moat  convenient  for  practice,  as  without  the  necessity  of 
making  use  of  the  letters  to  denote  the  direction,  the  Bearing  is 
known  at  once  by  the  number  of  degrees  contained  in  the  arc 

Let  the  Bearing  of  the  line  AB  in  the  following  figure  be 
giv^i,  as  fofmd  by  astrtniomieal  obserradon. 


Tojini  the  bearing  of  the  Rne  BC— Produce  AB  to  «,  and 
CfBtoa 

The  two  meridians  NS,  and  N'S'  being  parallel,  the  angle 
N'Ba  is  equal  ta  the  angle  NAB,  if  to  the  angle  N'Ba  or  arc 
N'a  we  add  the  interior  angle  of  the  polygon  ABC,  6r  its 
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equivalent  in  arc  aS'c,  we  obtain'the  angle  formed  by  the 
line  CB  with  the  median  N'S'  or  arc  N'aS'c,  if  then  the 
angle  cBC  or  160°  be  deducted  from  this,  tiiua  revering  the 
direction  of  the  line,  we  have  left  the  ai^le  N'BC  or  Bearing 
of  the  line  BC  with  the  meridian  N'S.' 

To  Jind  the  Bearitig  of  the  Une  CD. — Produce  BC  to  b  and 
DCto*i 

The  two  meridians  N'S'  and  N^S'  bdng  parallel,  the  angles 
N'BC  and  N»C4  are  equal  If  to  the  angle  N«Cft  or  arc 
N'&,  we  add  the  int^or  angle  of  the  polygon  BCD,  or  its 
equivalent  in  arc  bS^d,  we  obtain  the  angle  formed  by  the 
line  DC  with  the  meridian  N'S*  or  arc  N*AS*rf,  if  then  the 
angle  (^D  or  180°  be  deducted  &om  this,  thus  reversing  the 
direction  of  the  line,  we  have  left  the  angle  N'CD  or  Bearing 
of  the  line  CD  with  the  meridian  N*S'. 

To^tid  the  Bearing  of  the  Uae  DJ?.— Produce  CD  to  c  and 
ED  to/ 

The  two  meridians  N^*  and  N*S'  being  parallel,  the 
an^es  N*CD  and  N'De  are  eqnaL  If  to  the  angle  N'De 
or  arc  N*e  we  add  the  interior  angle  of  the  polygon  CDE,  or 
its  equivalent  in  arc  ef,  we  obtain  the  angle  formed  by  the 
line  ED  with  the  meridian  N'S*  or  arc  N's/",  if  then  the 
angle /DE  or  180°  be  added  to  this,  thus  reversing  the  direc- 
tion of  the  line,  we  obtain  the  angle  N'DE  or  Bearing  of  the 
line  0E  with  the  meridian  N*S'. 

ToJiTid  the  Bearing  of  the  Une  £/".— Produce  0E  to  jr  and 
FE  toft. 

The  two  meridians  N'S'  and  N'S*  being  parallel,  the 
angles,  N'DE  and  N'E^  are  equal  K  to  the  angle  N'Ey 
or  arc  N'AS'^  we  add  the  interior  angle  of  the  polygon 
DEF  or  its  equivalent  in  arc  gWh,  we  obtain  the  angle 
formed  by  the  line  FE  with  the  meridian  N*S'  or  arc  N'A 
S'^N'A  from  which  if  we  deduct  the  angle  AEF  or  180", 
thus  reversing  the  direction  of  the  line  we  have  lef);,  the  angle 
N'EF  or  Bearing  of  tiie  line  EF  with  the  meridian  N'S'. 
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And  so  on,  this  proof  may  be  carried  through  every  line  of 
the  polygon,  until  we  come  to  the  last  line  JA,  when  ita  Bear^ 
ing  added  to  the  interior  angle  JAB  +  or  —  180°  as  the  case 
may  require  will  give  the  original  BtartiDg  Bearing  of  the  line 
AB. 

We  have  been  thus  prolix  in  explaining  how  the  Bearings 
of  the  above  four  lines  of  the  polygon  are  obtfuned,  as  they 
contain  cases  in  each  quadrant  of  the  circle,  BC,  being  a  Soutb- 
East  Bearing,  CD,  North-East,  DE,  North-West,  and  EF, 
South- WeSt;  the  same  rule  is  however  applicable  to  the 
remaining  sides.* 

*  IT  the  eum  of  the  preceding  Bearing  and  forirard  angle  after  deducting 
180°  amonnts  to  more  thui  360°,  deduct  360°  from  the  total,  the  remainder  will 
be  the  Bearing  of  the  nail  line. 
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CHAPTER  VII. 


On  the  Peoof  op  the  Travebse,  amount  of  ebbos 
allowed,  and  method  of  cokbection. 

We  now  offer  for  considerstion  the  following  Theorem,  viz, : 

That  in  every  SuTVetf,eorTecify  taken,  the  sjtm  of  the  distances 
gone  North  from  a  certain  point,  will  be  equal  to  tlie  sum  of  tlte 
distances  returned  South  to  the  same  point,  and  that  the  sum  of 
the  distances  gone  East,  will  be  equal  to  the  sum  of  the  distances 
returned  West. 

The  truth  of  the  above  is  self-evident,  for  the  meridians 
within  the  limits  of  an  ordinary'  Sm-rey  having  no  sensible 
difference  from  paraUeUsm,  it  most  necessarily  follow,  that  if  a 
person  travel  any  way  soever  within  sach  limits,  and  at  length 
come  round  to  the  place  where  he  set  ont,  he  must  have 
travelled  as  far  to  the  North  as  to  the  South,  and  to  the  East 
as  to  the  West,  though  the  practical  Surveyor  will  alwa^ 
find  it  difficult  to  make  his  work  close  with  this  perfect  degree 
of  exactness. 

We  will  however  explain  this  more  fiilly  with  the  assistance 
of  a  diagram. 

2  N 


.  Let  the  line  KS  mn  dne  North  and  South,  and  EW  due 
East  and  West.  If  we  fix  on  the  pomt  A,  as  a  starling  point 
and  a  person  walks  from  A  to  S,  on  the  line  KS,  say  400  yards, 
and  wishes  to  return  to  A,  he  must  walk  tack  400  yards; 
in  going  therefore  from  A  ta  h,  and  back  from  b  to  A,  he 
has  walked  400  yards  North  and  returned  400  yards  South. 
In  the  same  manner  if  he  fixes  on  the  point  i  as  a  starting 
point,  and  walks  to  B  on  the  line  EW  say  300  yards  to  get 
back  to  J,  he  must  return  300  yards ;  in  walking  therefore  to 
B,  he  has  gone  300  yards  East,  and  returned  300  yards  West 

Supposing  now,  he  walks  from  A  to-B,  say  500  yards  in  the 
direction  of  the  line  AB,  he  will  then  hare  gone  North  from 
A,  400  yards,  and  East  from  A,  300  yards. 

In  a  continuation  of  the  figure,  having  walked  or  measured 
from  A  to  B,  he  proceeds  on  and  measures  fi^m  B  to  C,  iu 
doing  80;  he  goes  a  certain  distance  South  and  a  certiiin  distance 
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East  of  B  to  arrive  at  C,  thence  he  measures  to  D,  going 
a  certain  distance  North  and  East  of  C  to  arrive  at  D,  from  D 
he  measores  to  E,  &om  E  to  F,  and  so  on,  going  North,  South, 
East  or  West,  from  the  preceding  station  as  the  direction  of 
the  line  may  be,  until  he  arrives  hack  at  his  original  starting 
point,  A.  In  making  this  tour  therefore,  he  has  gone  the 
same  distance  North  as  he  has  returned  South,  and  the  same 
distance  East  as  he  has  returned  West 

Let  the  vertical  and  horizontal  lines  drawn  through  the 
several  stations  A,  B,  C,  &e.,  represent,  the  ibimer,  a  series 
of  meridians  or  North  and  South  lines  or  lines  of  longitude 
and  the  latter,  a  series  of  East  and  West  lines  or  lines  of 
latitude ;  as  these  lines  of  latitude  and  longitude  are  all  res- 
pectivelj  perpendicular  and  parallel  to  each  other,  it  follows 
that  the  angle  formed  by  the  intersection  of  the  meridian  line 
of  one  station,  and  tlie  latitudinal  line  of  the  next  station  as  at 
b.  A,  /,  m,&c,,  must  be  a  right  angle  or  90", 

Now  supposing  all  the  lines  AB,  EC,  &c.,  to  have  been 
carefully  measured  with  a  Chain,  and  that  having  obtained  Hie 
Bearing  of  the  line  AB,  by  astronomical  observation,  we  have 
deduced  the  Bearings  of  all  the  other  lines  by  the  rule, 
(page  277);  we  then  have  the  data  in  each  line,  of  a  side  and 
two  angles  to  find  the  other  two  sides. 

For  instance,  in  the  triangle  A£B,  we  have  the  side  AB,  and 
the  two  angles  £AB,  AiB,  (the  latter  being  invariably  90°  or 
a  right  angle)  to  find  the  other  two  aides  Ab  and  &B  the  former 
being  the  difference  of  latitude,  and  the  lattor  the  departure  of 
the  station  B  from  A.  In  like  manner,  in  the  triangle  BAC,  we 
have  the  side  BO,  and  the  two  angles  CBA,  (obtained  by  de- 
ducting NBC  from  180°)  and  BAG  (a  right  angle)  to  find  the 
other  two  sides  BA  and  CA,  the  former  being  again  the 
difference  of- latitude  and  the  latter  the  departure  of  the 
station  C  from  B,  and  so  on  for  every  line  round  the  figure. 

The  object  of  calculating  all  the  sides  of  these  several  right- 
angled  triangles  on  each  line,  is  to  obtain  the  difference  of 
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latitude  luid  departure   of  each  station  &om  the  preceding 

one,  wluch  difference  being  foond,  the  Boms  of  all  difierencea 

of  latitode  of  lines  going  North  mnat  equal  the  sums  of  all 

difierencea  of  latitude  of  lines  going  South,  or 

A6  +  C;  +  Dm  +  G;»  +  J»  —  B*  +  En  +  Fy  +  Hy  +  Ir 

and  the  sums  of  all  differences  of  departure  of  lines  going 

East,  most  equal  the  sums  of  all  differences  of  departure  of 

lines  going  West,  or 

iB  +  AC  +  flJ  +  rJ  +  <A  —  mE  +  nF  +  yG  +  /fH  +  ql 

and  if  this  is  not  the  result  of  the  above  calculations,  the 

Survey  has  not  been  truly  taken. 

We  have  before  stated,  that  in  the  measurement  of  angles, 
a  certain  correction  is  allowed  in  practice,  to  obtain  the  result 
of  the  Theorem,  which  forms  the  basis  of  the  work,  so  abio  in 
the  measurement  of  Chun  lines,  a  correction  is  necessary  to 
meet  the  errors,  that  notwithstanding  the  greatest  care  will 
occur.  In  actual  practice  ^e  columns  of  latitude  and  d^tartnre 
will  not  balance  exactly,  &r  inaccuracies  must  arise  from  ob- 
servations and  cliaiuing  in  the  field,  which  no  care  coold  obviate. 
To  adjust  these  differences,  previous  to  defining  the  meridian 
distances,  the  rule  is,  that  should  the  discrepancy  amount  to 
J.  of  a  Pole  or  5,  Links  for  every  station,  it  will  be  clear  an 
error  has  been  made  in  the  field  measurements,  which  must 
be  discovered  by  a  re-survey.  When  differences,  however, 
are  within  these  limits,  the  amount  of  error  allowed  is  1  Link 
in  10  Chains,  additive  or  subtractive  from  the  sums  of  the 
Northings  and  Southings  to  correct  the  latitude,  and  from 
the  sums  of  the  Eastings  and  Westmgs  to  correct  the  departure. 
This  error  must  be  apportioned  among  each  of  the  distances 
of  the  Survey  by  the  following  proportions,  viz. : 

At  the  sum  of  all  the  distances  is  to  the  whole  error,  so  is  each 
distance  to  its  correction. 

This  must  be  dtme  for  the  latitudes  and  also  ior  the  depar- 
tures, and  is  entered  in  a  column  appropriated  to  each,  called 
the  North  and  South  correction,  and  the  East  and  West  correc- 
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tion ;  the  correction,  thna  determined,  mtut  be  placed,  coHsr- 
terally,  with  the  distance  to  which  it  refers,  without  dlstin- 
gmshing  as  to  North,  South,  East  or  West 

Having  found  the  several  correctlona  for  each  of  the  lati- 
tudes and  departures,  add  them  tc^ther  severally,  and  see 
whether  their  total  agrees  with  the  whole  error,  and  if  so, 
proceed  to  allot  the  corrections.  If  &e  ^ror  he  an  excess  of 
Northings,  subtract  each  correction  from  its  collateral  North- 
ing or  add  it  to  the  collateral  Southing ;  if  an  excess  of 
Easting,  add  to  the  Westing  and  subtract  from  the  Easting ; 
the  corrected  sums  of  the  corrected  latitudes  and  departures 
will  then  be  found  exactiy  to  agree. 

We  here  subjoin  an  example : 


i 

1 

Bearings. 

tanoM. 

Nortli. 

1 

SoDth. 

1 

East. 

O 

WeeU 

■ 

B 
A 
B 
C 
D 
£ 

67'  4ff 
47'  S» 
38*"  OC 
312"  OV 

Bunw,   .. 

6-37 
386 
1463 
19-73 

7-83 
3-61 
26I 
S-64 

A. 

-014 
■008 
-033 

'io^' 

•MB 

16-B6 
B-63 
2-61 

■038 
-019 

'ii-Vo 

10-46 

•066 
-009 

62-27 

16-59 

i 

16-73 
16-69 

■W5 

34-87 

A 

24-66 
24-37 

~sa 

■14 

■28 

In  the  above,  the  error  is  +  .14  in  the  South  and  -f-  .28  in 
the  West,  we  will  now  divide  this  error  proportionately  among 
the  several  distances,  by  the  rule  previously  given,  viz..  As 
the  sum  of  the  distances :  the  whole  error  : :  each  distance :  its 
particular  correction,  or 

62.27  !  .14  ::  17.68  :  .040 :: 6.37  :. 014:: 3.86:. 008  ::  14.63: 
.033  ::  19.73  :  .045,  for  the  Northings  and  Southmgs. 

And  62.27  :  .28  ::  17.68  :  .080  ::  6.37  :  .028  ::  3.86  : 
.016  ::  14.63  :  .066  ::  19.73  :  .090  for  the  Eastmgs  and 
Westings. 
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It  will  be  obaerved  that  the  stun  of  the  several  corrections 
as  above  -apportioned  amounts  to  .14  in  the  Northings  and 
Sontbings  or  .095  +  .045  =  .14  and  to  .28  in  the  Eastings 
and  Westings  or  .124  +  .156  —  .28.  This  is  the  method  of 
anbdividing  an  error  in  theory,  bnt  in  practice  an  approxima- 
tion is  sufficient,  the  proportion  of  error  to  each  line  being 
made  without  reference  to  calculation,  the  error  when  it  is 
below  the  maximnm  allowed,  of  1  Link  in  10  Chains  being 
eqnallj  divided  between  the  two  columns  of  Northings  and 
Southings  and  of  Eastings  and  Westings,  and  generally 
thrown  into  the  longest  lines.  The  example  given  however 
must  not  be  understood  as  a  specimen  of  the  real  extent  of 
correction  on  such  small  distances,  we  have  taken  ample 
figures  merely  to  serve  the  purpose  of  illustration. 

We  have  omitted  mentioning  here  the  several  methods 
given  in  other  works  on  "  Surveying  by  the  Traverse  sys- 
tem" of  finding  unknown  distances,  by  adding  up  the  North- 
ings and  Southings,  and  the  Eastings  and  Westings  of  a 
Polygon,  and  applying  the  difference  of  the  two  severally,  as 
the  latitude  and  departure  of  the  unknown  line  and  thenco 
finding  the  Chain  distance.  Folygonometry  as  given  in 
Hutton's  mathematies  Vol.  3,  and  other  books,  treat  of  these 
methods,  and  to  which  we  refer  the  reader  for  iurther  in- 
formation. 
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CHAPTER  VIII. 


On  the  Method  op  Plotting  by  Tkavekse. 

These  differences  of  latitude  and  departnre,  or  distances  on 
the  inendian  and  perpendicniar  of  eacli  station  from  the  pre- 
ceding one  are  not  only  applicable  to  the  proof  of  the  field- 
work,  but  are  subservient  also  to  the  plotting  and  computation 
of  die  area  of  the  Swrvey,  which  will  now  be  explained. 

All  the  distances  on  the  meridian  of  each  station  firom  the 
preceding  one.  North  or  South,  and  all  the  departnres  of  each 
station  &om  the  preceding  one,  East  or  West,  can  be  referred 
to  the  meridian  of  the  first  station  or  sburting  point  of  the 
Survey,  viz.,  station  A.  For  instance,  on  the  meridian  of  A, 
for  the  line  AB  the  distance  North  is  Ab  and  the  departure 
East  is  &B  ;  on  the  meridian  of  B,  for  the  line  BC,  the  distance 
South  is  BA,  and  the  departure  East  is  kC  ;  deduct  the  distance 
that  B  is  North  of  A,  &om  the  distance  that  C  is  South  of  B, 
and  we  obtain  the  distance  that  C  is  South  of  A,  or  Bk  — 
Afi  -=  Ac ;  in  like  manner  add  the  distance  that  C  is  East  of 
B,  to  the  distance  that  B  is  East  of  A,  and  we  obtain  the  dis- 
tance that  C  is  East  of  the  meridian  of  A,  or  kC  ■{-  bB  -^  cC. 

Again,  on  the  meridian  of  C  for  the  line  CD,  the  distance 
North  is  C/,  and  the  departure  East  is  ID,  deduct  the  distance 
that  C  is  South  of  A,  from  the  distance  that  D  is  North 
of  C,  and  we  obtain  the  distance  that  D  is  North  of  A  or 
C/  —  Ac  =  Ad;  in  like  manner  add  the  distance  that  D  is 
East  of  0,  to  tlie  distance  that  C  is  East  of  A,  and  we  obtain  the 
distance  that  D  is  East  of  the  meridian  of  A,  or  /D  +  eC  =  dD. 


jM,Cooglc 


On  the  meridian  of  D,  for  the  line  DE,  the  distance  North 
is  Dm  'and  the  departure  West  is  mE,  add  the  distance  that 
E  is  North  of  D  to  the  distance  that  D  is  North  of  A,  and  we 
obtain  the  distance  that  E  is  North  of  A,  or  Dm  +  Ad  = 
Ae;  also,  deduct  the  distance  that  E  is  West  of  D  from 
the  distance  that  D  is  East  of  A,  and  we  obtain  the  dis- 
tance that  E  is  East  of  A  or  dD  —  mE,^  eE,  and  so  on  all 
round  the  figure  nntil  amved  back  at  A,  when  the  distance 
that  A  is  North  of  J,  the  preceding  station,  deducted  from 
the  distance  that  J  is  South  of  A,  or  Aj  —  J*,  and  the  dis- 
tance that  A  is  East  of  J,  deducted  from  the  distance  that  J 
is  West  of  AfOrjJ  —  sA  will  leave  no  remainder,  proving 
that  the  calculation  has  been  correctly  made. 

The  line  F6  it  will  be  perceived  crosses  the  meridian  of  A, 
in  this  case,  it  is  only  nec^sary  to  deduct  the  distance  that 
F  is  East  of  A  from  the  distance  that  G  is  West  of  F,  to 
obtain  the  distance  that  G  is  West  of  A  or  yOr  — fx  =  ffd. 

To  plot  therefore  all  these  station  points,  draw  a  meri- 
dian line,  and  another  perpendicular  to  it,  representing  the 
East  and  West  direction.  Fix  on  any  point  on  this  meri- 
dian line  ibr  the  station  A,  lay  off  with  a  pur  of  common  com- 
passes and  a  scale  of  equal  parts  the  distance  Ai  North  of  A, 
draw  a  line  parallel  to  the  East  and  West  line  through  the 
point  bf  lay  off  the  distance  £B,  East,  and  join  the  points  A 
and  B,  we  thus  obtain  the  bearing  and  distance  o(  the  line  AB. 

Next  lay  off  the  distance  Ac  South  of  A,  draw  a  line 
parallel  to  the  East  and  West  line,  through  the  point  e,  lay 
off  the  distance  cG  East,  and  join  the  points  B  and  C,  thus 
obtaining  the  bearing  and  distance  of  the  line  BC. 

Then  lay  off  the  distance  Ad  North  of  A,  and  with  a 
parallel  to  the  East  and  West  line  through  the  point  d,  lay 
off  the  distance  dD  East,  join  C  and  D,  and  we  obtain  the 
bearing  and  distance  of  the  line  CD,  and  so  on  all  round  the 
figure,  observing  that  when  the  distances  on  the  perpendicular 
are  West  of  the  mericUan  of  A  or  starting  point,  they  are  laid 
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off  West  on  the  plot.  The  redaction  of  the  distances  on  the 
meridian  and  perpendicular  of  each  station  to  the  first  station 
or  starting  point  is  therefore  easily  effected  bj  a  simple  addi- 
tion or  subtraction,  and  may  be  comprised  in  the  following 
rule. 

Bale, — When  the  distances  ran  North  of  the  first  station, 
add  tbem  one  to  another,  until  they  chfuige  to  South,  then 
deduct  them  one  by  one  until  the  Sonthing  exceeds  the 
Northing,  when  deduct  the  latter  fix>m  the  former^  changing 
the  denomination  to  South ;  all  distance  then  going  Soatb, 
are  added  aad  those  going  North  deducted,  and  so  on,  until 
arrived  back  at  the  original  starting  point. 

Likewise  in  the  distances  on  the  perpendicular,  when  the 
distances  run  East  of  the  meridian  of  the  first  station,  add  them 
one  by  one  until  they  change  to  West,  then  deduct  them 
until  the  Westing  exceeds  the  Easting,  when  dedact  the  latter 
from  the  former  changing  the  denomination  to  West;  all 
distances  then  going  West  are  added,  and  those  going  East 
deducted,  and  so  on,  until  arrived  back  at  the  original  start- 
ing point 

This  method  of  plotting  is  by  far  the  most  perfect,  and  the  least 
liable  to  error  of  any  that  has  been  contrived ;  it  may  appear 
to  require  more  labour,  than  the  common  method  by  angular 
protraction  or  protraction  by  Bearings,  on  account  of  the  com- 
putations required,  bat  these  are  made  with  so  much  ease  and 
expedition  by  the  help  of  Traverse  Tables,"  that  this  objection 
would  vanish,  even  if  they  were  of  no  other  use  than  for 
plotting,  but  as  we  have  already  sud,  they  are  subservient 
also  to  finding  the  Area,  and  which  cannot  be  ascertfuned  with 

*  A  set  of  Travene  Tables  has  been  paUished  b;  Major  J.  T.  Boileau, 
Bengal  Eagineers,  to  ererj  mioate  and  degree  of  the  qusdrant,  and  these 
Tables  are  now  in  general  use  in  the  !ReTenuB  Soireys  ;  we  therefore  refer  the 
Snryeyor  to  thi»  work,  in  nhich  he  will  End  the  method  of  using  them  fiillf 
explained  and  much  Talaable  information  regarding  the  application  of  the 
sjsCem  to  gaueral  purposes. 

2  O 
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equal  accuracy  in  any  other  way ;  when  this  is  considered,  it 
will  be  iound  to  be  attended  with  less  labour  on  the  whole 
than  the  common  method. 

-  One  great  advantage  in  the  above  method  of  plotting  is, 
that  if  a  station  is  incorrectly  plotted,  it  does  not  affect  in  the 
least,  the  correctness  of  the  other  stations,  which  is  not  the 
case  when  plotting  with  a  common  protractor  by  Bearings  or 
angles,  where  an  error  made  in  plotting  one  line  is  carried  on 
through  the  series. 
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CHAPTER  IX. 


On  the  Unitebsal  Theobeh. 

We  must  now  look  on  tlie  distances  on  the  perpendicular 
above  computed  of  each  station  from  the  first  in  the  series  or 
startjng  point,  as  the  sides  of  certain  figures  which  moltipUed 
into  the  distances  on  the  meridian  between  each  station,  will 
give  certain  products,  from  which  the  area  of  the  figure  is 
"  derived  by  an  easy  computation  from  the  following : 

Unitebsal  Thbobem. 

If  the  sum  of  the  distances  of  an  East  mid  Webt  Une  of  the 
two  ends  of  each  line  of  a  Snrvey,  from  attt/  meridian  lying  en- 
tirely out  of,  or  running  through  the  Survey,  be  multiplied  hy  the 
NOBIHINQ  or  SOTTTHING  made  on  each  respective  line;  the 
difference  bettoeen  the  sum  of  the  NOBIH  PboduCTS  and  the 
sum  of  the  SocTH  PBODUCTS,  wUl  be  doubU  the  area  of  the 


To  explain  tfiis  TheOTem,  it  is  necessary  to  take  the  three 
different  cases  that  present  themselves  separately,  which  are — 
,  1st  When  the  meridian  is  to  the  West  of  the  polygon  and 
lying  entirely  out  of  the  Survey. 

2nd.  When  the  meridian  ia  to  the  East  of  the  polygon 
and  lying  entirely  out  of  the  Survey. 

3rd.  When  the  meridian  runs  through  the  polygon  a 
portion  of  the  Survey  lying  East  and  West  of  it 
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Case  Ist. 

fFken  the  meridian  is  to  the    We»t  of  the  polygon  and  lying 

entirely  out  of  the  Suney. 

Let  ABCDEFA  be  mj  polygon,  NS  an  indefinite  strsight 
or  meridian  line. 

Draw  perpendiculars  oA,  6B,  eC,  rfD,  «E,  /F,  from  the 
extremities  of  each  side  of  the  polygon,  meeting  the  line  N8, 
at  a,  b,  c,  d,  e,  f,  then  will  the  distances  ab,  be,  cd,  de,  ef,fa, 
be  the  co-sines  of  the  inclinations  of  the  sides  AB,  BC,  CD, 
DE,  EF,  FA,  wUh  the  Une  NS. 

If  therefore  we  multiply  the  smn  of  the  perpendicnlara  at 
the  extremities  of  each  Northing  or  ascending  side  of  the  poly- 
gon by  the  co-aiaes  of  the  inclinations  of  their  respective  sides 
with  the  line  NS,  and  place  them  in  one  column,  calling  them 
North  Products,  and  if  we  miiltiply  the  sums  of  the  perpen- 
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dicniars  at  the  extremities  of  each  Southing  or  descending 
side  of  the  polygon,  by  the  co-sinra  of  the  inclinations  of  their 
respective  sides  with  the  line  NS,  and  place  them  in  another 
column,  calling  them  South  Products,  then  will  the  sum  of  the 
South  Prodncts  deducted  from  the  sum  of  the  North  Products 
be  double  the  area  of  the  polygon,  tliat  is : 
(aA  -i-bB  X  ab  +  cC  +  dD  X  cd  +  (ffi)  +  eE  x  de)  — 
(6B  +  cC  X  *c  +  eE  +/F  X  ef  +  /F  +  aAx/flj)  wiU 
be  double  the  area  of  ABCDEFA. 

For,  the  sum  of  the  North  Products  will  be  double  the  area 
of  cCDEec  +  aABfi,  and  the  sum  of  the  South  Products  will 
be  double  the  area  of  cCBAFEcc  +  aABi. 

But  it  is  evident,  from  an  inspection  of  the  figure,  that 
cCDEec  —  cCBAFEcc  =  ABCDEFA.  If  therefore  the  area 
of  aABd,  which  is  common  to  the  North  and  South  Pro- 
ducts be  struck  out,  we  have  left  cCDEec  —  cCBAFEec 
=  ABCDEF  A,  and  consequently  the  difference  of  their  doubles 
must  be  equal  to  double  the  area  of  ABCDEF  A. 
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When  the  meridian  u  to  the   East  of  the  polt/goH  and  lying 
entirely  oat  of  the  Survey. 

Let  AGHUA  (Page  293)  be  any  polj^n,  NS  an  indefinite 
straight  or  maidian  line. 

Draw  perpendicolars  a  A,  gG,  kH,  il,  jJ,  from  the  extre- 
mities of  each  side  of  the  polygon  meeting  the  line  NS,  at 
a,  ff,  k,  i,  J,  then  will  the  distances,  ag,  gh,  hi,  ij,  ja,  be  the 
co-sines  of  the  inclinations  of  the  sides  AG,  GH,  HI,  IJ,  JA, 
with  the  line  KS. 

If  we  multiply  the  siuns  of  the  perpendicnlars  at  the  extre- 
mities of  each  Northing  or  ascending  side,  by  the  co-smes  of 
the  inclinations  of  their  respective  sides  with  the  line  NS,  and 
place  them  in  one  column,  calling  them  North  Products,  and 
if  we  do  the  same  with  each  Southing  or  descending  side,  and 
place  them  in  another  column  calling  them  South  Prodncts, 
then  will  the  snm  of  the  North  I^roducts  deducted  from  the 
snm  of  the  South  Products  be  double  the  area  of  the  polygon, 
&at  is: 

(AH  +   il   X  Ai    +   «I  -|->J  X  y)  —  (/J   -H  aA  X  >  + 

oA  +  ^  y.  ag  -^^  ^  ■\-  AH-  x  ^A,)  will  be  double  the 
area  of  AGHUA. 

For  the  sum  of  the  North  Products  will  be  double  the  area 
ofyAHGAJ;  and  the  sum  of  the  Sonth  I^odacts  will  be  double 
the  area  of  jAHIJj. 

But,  it  is  evident  £rom  an  inspection  of  the  figure,  that 
j'AHIJf  —  ^AHGAJ;'=  AGHUA,  and  consequently  the -dif- 
ference of  their  doubles  must  be  double  the  area  of  AGHUA. 
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Cabe  3rd. 

When  the  meridian  rant  tiirougli  the  polygon. 
The   above  figure  is  a  jonction   of  the  two  hist    under 
a  common  meridian  NS,  passing  through  the  point  A,  and 
consequently  through  the  polygon. 

To  obt^n  the  area  of  this  polygon,  in  the  same  manner  as 
in  the  last  two  cases,  it  is  necessary  to  hare  a  set  of  North  and 
South  products,  for  that  portion  of  the  polygon  lying  to  the 
East  of  the  meridian  line  NS,  another  set  for  the  portion  lying 
West  of  the  meridian,  and  again  a  third  calculation  for  the 
line  FG,  which  lying  partly  to  the  East  and  partly  to  the 
West  of  the  meridian,  its  two  portions  must  be  separately 
calctilated. 
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It  will  be  observed  that  the  only  diflference  between  the 
1st  and  2nd  cases  is,  that  in  the  former,  of  the  polygon  lying 
to  the  JEatt  of  the  meridian,  the  ^ti^  products  are  deducted 
from  the  North  fxodxtetB,  to  obttun  double  the  area,  and 
in  the  latter,  of  the  polygon  lying  to  the  fVext  of  the  meri- 
dian, the  reverse  takes  place,  viz.:  the  North  prodncts  are 
deducted  £rom  the  South  products  to  obtain  double  the  area  of 
the  polygon;  this  would  be  equally  necessary  in  this  poly- 
gon, bat  in  practice  instead  of  having  two  sets  of  North  and 
South  products,  one  set  for  the  portion  of  a  polygon,  lying 
East  of  a  meridian  line,  and  another  set  for  the  portioA  lying 
West  (in  cases  such  as  this  where  the  meridian  line  runs 
through  the  polygon)  it  is  usual  to  reverse  the  products  of  that 
portion  of  the  polygon  to  the  West  of  the  meridian  line,  and 
ent^  them  in  the  same  columns  as  the  products  of  the  portion 
of  the  polygon  to  the  E^t  of  the  meridian  line,  i.  e.,  that  all 
prpdacts  of  sides  nmning  North,  to  the  West  of  tixe  meridian 
are  placed  in  the  column  of  South  products  and  vice  vend, 
all  products  of  siAes  running  South  to  the  West  of  the 
meridian  are  placed  in  the  colunm  of  North  products. 

Two  columns  are  thus  sufficient,  for  if  in  the  1st  case,  the 
South  products  deducted  from  the  North  products  give 
double  the  area  to  the  East  of  the  meridian,  and  in  the  2nd 
case,  the  North  prodncts  deducted  from  the  South  products 
give  double  the  area  to  the  West  of  the  meridian^  and 
the  North  products  and  South  products  of  the  2nd  case,  are 
changed  and  applied  as  South  products  and  North  pro- 
dncts in  the  Ist  case,  or  vice  versd,  we  shall  obt^  the 
same  result,  as  if  we  had  two  sets  of  North  and  South 
products. 

It  only  rraufuns  therefore  to  explain,  how  the  area  is  obtain- 
ed of  that  portion  of  the  polygim  lying  East  and  West  of  the 
meridian  or  on  the  line  FG. 

Produce  Fftox  and  Ggta  y  and  draw  Gar  and  j/F  parallel 
toNS. 
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It  is  evident,  from  an  inspection  of  the  figure,  that  if  the 
area  of  the  rectangle  'Pfgy  to  the  East  of  the  mendian  be 
found,  and  placed  in  the  colmnn  of  South  products  it  being  a 
Southing  or  descending  side,  and  the  area  of  the  rectangle 
fxGg,  be  found  and  placed  in  its  column  of  South  products,  it 
being  also  a  Southing  or  descending  side  to  the  West  of  the 
meridian,  (sapposiug  us  to  have  two  sets  of  North  and  South 
products)  and  we  reverse  the  latter  and  place  it  in  the  column 
of  North  products  in  the  Traverse  Table,  the  line  FG  will 
have  a  Kort^  aud  a  South  product  too,  one  product  being  the 
area  ff^ett  of  the  meridian,  the  other  the  area  East  of  the 
meridian,  but  to  facihtate  calculation  and  simplify  the  work,  it 
is  better  to  deduct  the  lesser  product  from  the  greater,  and 
carry  the  difference  to  the  column  in  which  the  excess  is. 
The  same  result,  however,  is  obtained  by  taking  the  difference 
between  the  pra^ndiculara  East  and  West  of  the  two  points, 
and  multiplying  it  by  the  co-sine  of  inclination  of  the  line, 
placing  the  product  in  its  proper  column  North  or  South,  as 
the  case  may  he,  in  the  present  instance,  it  is 

gyX  Fy  =  Are*  of^%  or  South  Prodact  totheEust  of  the  Meridian 
and  jG  X  G.'  =     «        /'Gy «      ..  .1  .,      West  „ 

or  TBTereed  „  North  Prodoct    „       Boat  „ 

The  difference  of  the  two  would  be  carried  to  the  South 
products,  the  excess  being  South,  we  should  obtain  the  same 
result  however,  if  we  take  the  difference  between  yg  and  jG 
and  multiply  by  Fy,  which  is  the  usual  method  in  the 
Traverse  Table. 

Having  now  explwied  why  these  products  are  called  North 
and  South  products,  and  also  shown  that  the  difference  be- 
tween them  gives  double  the  area  of  the  polygon,  we  will 
exemplify  how  they  are  obtained  by  a  reference  to  the  diagram 
page  (295.) 

We  have  already  said,  that  to  obtain  the  area,  we  must  look 
on  the  distances  on  the  perpendicular  as  computed  from  the 
iirst  station  or  starting  point,  as  the  sides  of  certain  figures 
2  p 
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which  multiplied  into  the  distances  on  the  meridian,  will  ^ve 
the  North  and  South  products  above  alluded  to,  for  instance ; 
On  the  line  AB,  the  distance  on  the  perpendicular  dB, 
multiplied  into  the  distance  on  the  meridian  AA,  will  give 
doable  the  area  of  the  triangle  ABb  a  North  prodact,  the  line 
AB  running  Korthward. 

Qn  the  line  BC,  the  sum  of  the  distances  on  the  perpendi- 
cular at  each  end,  or  &B  4-  cG  multiplied  into  the  distance  on 
the  meridian  be,  will  give  double  the  area  of  the  Trapezoid 
ficCB,  a  South  product,  the  line  BO,  running  Southward. 

On  the  line  CD,  the  sum  of  the  distances  on  the  perpendi- 
cular at  each  end  or  cG  +  dD  multiplied  into  the  distance  on 
the  meridian  cd  will  give  double  the  area  of  the  Trapezoid 
dcGD,  a  North  product,  the  line  CD  running  Northward,  and 
so  on,  until  we  arrive  at  the  last  prodact  on  the  line  JA. 

The  North  and  South  products  being  then  respectively 
added  up,  the  difference  between  the  two  sums  will  be  double 
the  area  of  the  Survey,  the  half  of  which  will  give  the  area  in 
acres  and  decimal  parts  of  an  acre. 

We  may  here  observe  that  in  all  the  works  in  which  the 
Universal  Theorem  has  been  treated  of,  for  the  ascertainment 
of  areas,  the  meridian  has  been  assumed  as  lying  entirely  out 
of  the  Survey,  but  this  is  contrary  to  practice.  The  meridian 
of  a  village  circuit  most  naturally  pass  through  tiie  Srst  station 
of  a  Survey,  at  the  point  where  the  instrument  is  first  set  up 
and  exc^t  in  very  peculiar  figures,  this  causes  a  portion  of 
the  figure  to  fall  on  both  sides  of  the  meridian. 

To  assume  a  meridian  to  pass  entirely  out  of  the  Survey,  it 
is  necessary  to  go  out  of  our  way,  and  from  its  extreme  East^ 
ing  or  Westing  to  adopt  a  quantity  greater  than  either,  and  so 
calculate  the  length  of  each  co-ordinate  firom  this  assumed  dis- 
tance, at  the  same  time  that  it  involves  the  necessity  of  an 
extra  calculation  for  finding  the  area.  There  is  no  possible 
advantage  in  this  method,  as  the  same  result  is  obtained  by 
making  use  of  the  co-ordinates  East  and  West  of  a  meridian 
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running  tlirougli  the  Survey,  giving  considerably  lesa  figures 
in  the  calculation  and  consequently  less  labour  in  deducing  the 
products. 

To  follow  therefore  the  simplest  and  most  natural  course  as 
met  with  in  daily  practice,  must  be  the  most  advantageous  and 
it  is  not  only  so  as  regards  the  area,  but  likewise  in  respect  to 
the  plotting ;  to  take  the  meridian  passing  through  the  first 
station,  the  protraction  is  at  once  easily  and  simply  lud  down, 
without  the  necessity  of  farther  calculation  and  more  incon- 
venient lengths  of  scale  and  compass. 

An  assumed  meridian  out  of  the  Survey  is  still  more  at 
variance  with  systematic  precision  and  progress,  whereas  in 
extended  operations  many  villages  are  plotted  on  the  same 
sheet  of  paper,  and  where  each  circuit  must  be  built  on  its 
own  meridian  passing  through  the  first  station.  On  the  Indian 
Revenue  Surveys,  therefore,  the  shorter  and  more  practical 
method  ia  pursued  and  when  it  is  considered  that  &om  1500 
to  2000  circuits  are  on  an  average  annually  surveyed  by 
each  party  employed,  a  faint  idea  may  be  gleaned  of  the  labour 
saved  by  the  improvement  above  specified. 
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CHAPTER  X. 


Ok  the  Teavebse  Table. 


Hating  in  the  last  few  Chapters  given  an  explanation  of 
the  Traverse  System  of  surveying  from  its  commencement,  viz. : 
the  angular  work  and  measurements  in  the  field,  to  the  finding 
the  area  of  the  land  surveyed,  it  only  remtdns  to  simphfy  the 
process,  which  has  taken  some  pages  for  explanation,  by  em- 
bodying the  whole  in  a  table  for  the  purpose  and  calculating 
the  polygon  given  in  page  (295).     In  the  adjoining  table 
Col.  No.     1     contains  the  lettera    repiesenting    the  stations   of  the 
Survey, 
the  angles  as  observed  in  the  Field, 
the  corrections  made  in  those  angles,  to  prove 

them  by  Cor.  3,  Theo.  V.,  Page  12. 
the  bearings  of  [he  seveiol  lines  deduced  as  per 

Rule  Page  277. 
the  distances  as  measured  in  the  Field. 
the  distance  on   the  meridian  between  every 


6,7 


8,  9 


from  Column  11, 
pective  products  ai 


the  departure  of  each  station  iiom  the  meridian 

of  the  preceding  one.  , 

the  corrections  applied  to  each  calculation,  to 

prove    the    Survey    correct    ss    per    Rule 

Page  284. 
the  distances  on  the  meridian  of  each  station 

from  the  first  in  the  series, 
the  departure  of  each  station  from  the  first  in 

the  series. 
die  sums  of  each  pair  of  co-ordinates  obtained 
be  multiplied  into  Columns  6  and  7,  when  the  rCB- 
plnccd  in  Column.^  13  and  14. 
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The  following  simplification  of  the  method  of  calculating 
columns  4,  6, 1,  8,  9,  10,  11,  12,  13  and  14  will,  it  is  hoped, 
place  the  matter  beyond  doubt;  and  by  comparing  each 
given  quantity  with  the  diagrams,  the  mode  of  obtaining  its 
corresponding  result  will  be  easily  understood. 

To  obtain  Column  4  of  the  Table  from  Column  2. 

Given  the  Bearing  of  the  line  AB,  50°  12'  N.  E.  as  found 
by  Astronomical  observation,  or  otherwise.     (Diagram  Pago 

278.) 
ThMi, 

Bea^.  AB  60°  12"  +  ^8370°  n'=^XP  23"— 180==140°  Eff  8.  B.  or  Btiag.  B  C 

BC140a3  +  „C    61  iO=S01    33—180=  21  33  N.  E.  „  CD 

CD  31  33  + „D  113  41=135    14+180  =315  14  N.  W.  „  DB 

DE315  14  +  „E   66  4a=371    56—180  =  191  66  S,  W.  „  EF 

EF  191  56  +  „  F  337  01=^28    67—180  =  348   67  8.  W.  „  F  O 

FG  248  67 +  ,,0  364  21=513    18—180=333   18  N.  W.  „  GH 

GH  333  18  +  „  H   49  40=383    68— 180  =  303  68  S.  W.  „  HI 

HI  303  58  +  „  I  131  03=334    01— 180  =  144   01  S.  E.  „  I    J 

IJ    144  01  +„  J   83  18=327    19— 180  =   47   19  N.  E.  „  J  A 

JA    47  19  +  ,,  A183  53CZS30    12— 180  =   60   12  N.  E.  „  AB 

To  obtain  Cohimm  6,  ?,  8  and  9. 

Jiule. — As  Radius  :  Distance :  l  Cosine  of  Bearing  ;  Latitude 
and : ;  Sine  of  Bearing  :  Longitude  or  Departure. 

Latitude     =  Distance  x  Cos.  Bearing;  or 
Departure  =  Distance  x  Sin,  Bearing. 

(See  Diagram  Page  282. 
Line  AB   I^t.  A  i=  AB   Co».  A       Lon^.    b  B    =     A3     Sine     A 
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Example  of  Columns  6,  7,  6  and  9. 
On  the  Line  AB  given,  Bearing  N.  E,  50»  12'  Distance  8.35 

Cmhu.  Sine. 

Bearing  BCPllf      S-SOBeSl  d'SSSSSl 

Distance   8-36       0-981686  0921686 

■727940  C3  535  Lat    -807207  =a  fl-4]  Dep. 

The  above  example  by  Major  Boileau's  Tablea,  (see  Note 
Page  289.) 

Latitude,  JJeparture, 

Bearing:  WlH/  6-13 800 6-16 

-19 30 -33 

Diatance   8-3S  -M 9 -03 

B-95  e^T 

To  obtain  Column  10  Jrom  Columns  6  and  7. 


8  S'14  Diff.       fDlBtanoeonMeriaan 
C„D  „C(=:N  14-84  I  of  A  to  Cor  Ac 


,    DB       „ 

..    D 

>E 

Kia-70   „ 
,Dm  =  N  0-79 

iofAtoDMAii 

.    EF       „ 

..    E 

P 

K  22-40  Snni, 
E»   =3    4-42 

lofAtoEaA* 

.,   PO       „ 

.,    F 

G 

N  1807  Diff. 
%   =S    4-69 

lofAtoFOTV 

»    OH      „ 

..  o, 

H, 

S 18-38     „ 
Gp   =K   0-48 

lofAtoGMAff 

.    HI        „ 

»    H 

,  I 

N  28-83  Som 
,  Hy  =  S  14-83    „ 

{ofAtoHorAA 

,  u 

..     1 

.J 

H   8-00  Diff. 
,  If   =S  13-28    „ 

(  of  A  to  I  or  At 

.    JA 

..    J 

.A 

8    B-88    „ 
,J(   bN   6-28    „ 

(ofA'tojOTA/ 
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To  obtain  Column  II  from  Columns  8  and  9. 
Line  AB  Departure  of  A  to  B  or  £B  =  E    6-43 
„    B  „   C    „   *C  =  E    6-18 

E  12'ao  Bum  =  Dep.  of  A  to  C  or  «C 


„  A„D„dD 
„  A  „  E  „  eE 
,.  A„  F„/F 
„  A„a„gG 
„  A„  H„AH 


„    HI 

„    13 

JA 


„  F  „  O    „    ^eW  lS-19 

W  4'36    „ 

„  G  „  H    „  yH  =  W  4-74 

TT  9'10  8aDt 

„  H  „    I    „     ?I  =  W  6-38 

W  15-88    „ 

„  I    „   J    „    rJ  =  E  063 

W  e-75Diff. 

„1    „  A    „    lA  =  E  5-76 


To  obtain  Column  12  from  Column  11. 
Line  AB  Departure  of  A  to  B  or  iB  ^  E    G'43 

f  1  D  tn  ^  IF      d.44 

Line  BC  J 

„        „  A  „  u  „  «j  :r  K  iM-tiu 

B  1903    SumofCo-ordinatn. 


,  A  „  P  „  /F  =  E    783 
.  A  „  G  „  pG  =  W  4-36 
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jDepMtnreofAtoaorffOsW   4-30 


„  A  „H„&Bs 


V  13-16  Sum  of  Ca-ordinates. 
T    810 


"  I         »         „  A  „  I  „  il    =  W  16-38 

W21-48    „ 

f      „      „  A  „  r  „  a  =  w  16-38 

"  (         „         ..A  „  J„jJ    =:W    6-75 

=  W2I]3    „ 
„    JA  „         „A„J„jJ    e=W    5-75 

To  tfdfoui  Cohtmnt  13  and  14,/i'flm  (fla  muUipKcatioR  of 
Column  12  i»(d  Cehtmm  6  an(2  7. 


North  Prod. 

South  Piod. 

»N   fl-42X  E 

JBXiA 

5-33  = 

S'42 

JB+eCXfto 

,  a   I9-D3  X  E 

7-47  = 

14-20 

iC+dDXcd 

,  N  31-06  X  E 

14-64  = 

4e'()8 

„ 

<ID>f<E  X<2« 

,  N  27-22  X  E 

97&  = 

26-63 

«E  +/F  X  tf 

,  8   16-59  X  E 

4-42  = 

„ 

7-33 

/F-ffOX/ff 

,  S     3-47  X  E 

4-69  = 

„ 

1-65 

bG  +  4HX?4 

,  K  13-46  X  W 

9-45  = 

„ 

1271 

ftH-fil  XU 

,  S  24-18  X  W 

14-83  = 

36-29 

„ 

a  +jJ  x« 

,  S  21-13  X  W 

13-28  = 

28-06 

„ 

jJ  XM 

,  N    5-76  X  W 

G'Se  = 

3-03 

Consequently 

(iBxiA  +  tiC  +  <g)Xrf  +  <iD  +  *EXtfa  +  ftH  +  flxM  +  <I+jJxO)— 
(iB+_cCxh'  +  eE+/Px  tf+yr-gQx/g+gO  +  ftHxgft+jJXjA) 
=:  Doable  the  area  of  tbe  figure  A  BCDEFGHUA,  Pa^  £06. 

*  The  Co-ordmates  here  ohongiDg  from  East  to  West,  or  erDBBin^  the  Ueri- 
dlaa  of  Stadon  A,  the  d^ffereatt  between  the  pain  iiutead  of  the  mm  ie  taken, 
by  wbich  means  the  area  of  the  ParaUelogram  "Ex  Oy,  ia  properlj  balanced,  the 
portion  ];inB:  to  the  West  of  the  Meridian  of  A,  bein^  oanoelled  bj  a  portion  on 
tbe  Eaat  aide,  leaving  a  difTeiecoe  in  &toi  of  tlie  latter,  and  whieh  accordini^f 
lemainlng:  Eaat  and  multiplied  b;  a  Sonthing:,  fonni  a  Sonth  Product, 
•  2   Q 
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We  have  now  endeavoured  to  explain  the  Traverse  Table, 
and  thoagh  all  the  operations  which  have  been  given  at  length 
for  the  sake  of  explanation  appear  laboriouB,  they  are  per- 
formed with  the  greatest  faciKty,  the  whole  with  the  exception 
of  Columna  6,  7,  8  and  9,  being  obtained  by  a  simple  addition 
or  subtraction,  and  Columna  13  and  14  by  multiplication. 
Such  is  the  traverse  system  of  surveying,  and  to  use  Mr. 
Adams"  words  "the  superior  accuracy  and  ease  with  which 
every  part  of  the  process  is  performed,  cannot,  it  is  imagined, 
fail  to  recommend  it  to  every  practitioner."  To  apply  the 
system  in  practice  will  form  the  subject  of  other  Chapters. 
■  Qeomettical  UMsys  by  Qeorge  Adams,  1613. 
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CHAPTER  XI. 


On  TB£  8TBEN6TH  OF  A  REVENUE  SuBTBT  ESTABLISH- 
MENT, AND  DETAILED  DUTIES  OP  ITS  COMPONENT 
FABTS. 

The  Establishmeiit  of  a  Revenue  Survey  is  regulated  accord- 
ing to  circumatances  and  the  requirements  of  the  GoTemment, 
but  in  general  they  are  confined  to  two  grades,  a  double  and  a 
nnffk  establiehmeut.  In  the  North- Western  Provinces,  where 
the  completion  of  the  settlement  was  deemed  of  great  impor- 
tance, the  strength  under  each  Officer  was  of  the  former  cha- 
racter and  consisted  of  the  following  persons,  viz. : 

Revenue  Surveyor,       1 

Covenanted  Assistant,       1 

Sub-Assistants,      7 

Native  Assistants  or  Mootsuddies,   25  to     30 

TindiJa,  Clasaies,  or  Measurers, 170  to  200 

Khusrah,  fixed  Establishment, 6 

Guard, 16  to     25 

And  for  which  a  fixed  annual  maximum  sum  was  granted 
under  the  four  leading  heads,  viz. : 

Rs. 
Surveyor  and  Contingencies,  @  726     8,7 12 

Assistants,     13,680 

Native  Establishment,*     13,980 

Field  Guard, 1,152 

Total  per  Annum,     37,524 

*  Includei  od«  Haliva  Doctor  now  atUched  to  all  Surreji. 
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The  several  parties  which  have  been  brought  into  Behar 
and  Bengal  and  are  now  employed,  have  been  kept  np  to  this 
strength,  but  those  which  have  been  appointed  for  Bengal 
alone,  have  been  iavariably  of  the  tingh  strength,  viz. : 

Revenue  Surveyor,       1 

Sub-Assistants, 4 

Native  Assistants  or  Mootsuddies,        ...     20 

Tindals,  Glassies,  or  Measurers,       120  to  150 

Khusrah,  fixed  Establishment,     4 

Field  Guard,     4  to       8 

And  for  which  the  following  is  the  annual  i 
sanctioned  by  Government  viz. : 

Surveyor  and  Contingencies, 

Assistfuits,     

Native  Establishment,"    . . . 
Guard, 

Total  per  Annum,     31,876 

Within  this  sum  therefore  the  Surveyor  is  permitted  to 
adapt  his  Establishment  to  the  emergencies  of  his  work  and 
the  seasons  of  the  year.  During  the  active  period  for  field 
operations,  generally  averaging  7  months  in  the  year,  a  full 
complement  of  Glassies  are  kept  np,  and  the  monthly  expen- 
diture may  be  in  excess,  of  what  the  total  sum  divided  by 
12  would  yield,  but  this  is  balanced  by  extensive  reductions 
during  the  recess  months ;  the  great  body  of  the  Glassies  are 
then  discharged,  and  others  put  on  half-pay,  and  for  this  reason 
an  annual,  uistead  of  a  monthly  maximum,  is  sanctioned;  this 
is,  likewise  controlled  by  the  head  of  the  department  whose 
audit  of  the  monthly  bills  is  essential  before  they  are  passed  on 
to  the  Civil  Auditor. 

*  Includes  one  Naliie  Uuclor  nuw  attached  lo  all  Survej'a. 
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The  usual  salaries  of  Assistants  and  Sub-Assistants  are  as 
follows : 

Assistant  Surveyor,  in  charge 388 

Assistant  Surveyor, 250  to  350 

Senior  Sub- Assistant,    200 

Sub-Assistant,  2nd  Class, 150  to  175 

Sub-Assistant,  3rd  Class,      100  to  125 

Sub-Assistant,  4th  Clasa, 75  to  100 

And  the  general  time  of  service  required  to  entitle  Assis- 
tants to  the  higher  grades  is. 

After  25  years' service, Rs.     350  per  mensem. 

20       „         „      „      300 

15       „         „  „      250  „ 

10       „         „      „      200  „ 

At  the  general  conference  at  Allahabad  in  1833,  of  all  the 
old  Officers  employed  in  the  department,  which  was  likewise 
attended  by  Lord  William  Bentinck,  the  Governor  Greneral  of 
India,  it  was  agreed  upon  that  with  the  single  establishment, 
which  up  to  that  period  had  never  been  increased,  an  area  of 
1,000  square  miles  of  topographical  Mouzawar  survey  per  sea- 
son could  be  effected,  provided  the  average  size  of  the  villages 
was  IJ  si^uare  miles,  or  800  acres,  and  by  a  systematic 
arrangement  of  the  various  duties  of  each  person  employed, 
this  quantity  of  work  has  generally  been  got  through  under 
even  less  favorable  circumstances  than  villages  of  a  square  mile 
average.  In  1837,  the  Sudder  Board  of  Revenue,  N".  W.  P., 
brought  forward  the  new  scheme  of  the  double  establishments, 
with  a  view  of  exacting  3,000  square  miles  per  annum,  but 
although  this  enormous  extent  of  work  has  been  approxima- 
ted, by  several  of  the  old  North- West  Surveyors,  it  has  berai 
rarely  attained,  and  in  tlie  complicated  districts  of  Bengal, 
witli  small  villages  of  scarcely  more  than  half  a  square  mile 
each,  cannot  possibly  be  either  expected,  or  (with  reference  to 
general  accuracy)  be  desired. 
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The  general  duties  of  a  survey  establishment  are  divided 
into  two  grand  heads,  viz..  Field  and  Recess.  The  Field  sear- 
son  is  supposed  to  commence  in  October,  and  continue  until 
the  1st  June,  though  in  Bengal,  it  is  difficult  to  commence 
active  operations  before  the  1 5th  of  November,  at  the  earliest 
During  this  period,  the  sole  object  ia  to  prosecute  the  survey 
operations  to  the  best  advantage,  devoting  only  such  time  to 
the  elements  of  the  computations,  as  tend  to  leave  no  doubt 
as  to  the  accuracy  and  entire  confidence  in  the  Field  observa- 
tions and  measurements.  The  remsdnder  of  the  year  &om 
June  to  November,  when  camp  life  must  be  exchanged  for  can- 
tonments during  the  periodical  return  of  the  rainy  season, 
the  iull  attention  and  zealous  industry  of  every  individual  is 
demanded  in  perfecting  the  maps,  registers,  and  innumerable 
calculations,  and  although  the  nature  of  the  Field  and  Recess 
business  differs  materially,  yet  it  is  diificult  to  say  which  is  the 
most  trying  and  irksome ;  generally  speaking  perhaps,  the  Field 
is  preferable  to  the  office  duty. 

On  commencing  active  operations  the  survey  establishment 
is  divided  into  as  many  separate  working  parties  as  the 
strength  will  permit ;  generally  from  three  to  four  independent 
camps  or  divisions  are  formed,  each  being  placed  under  the 
charge  of  a  competent  European  or  East  Indian  Assistant,  with 
such  proportion  of  chain  or  surveying  parties  as  the  means 
avfulable  admit  of.  A  Senior  Sub-Assistant  should  be  com- 
petent to  superintend  and  systematically  work  4  Boundary 
Assistants  and  3  Interior  or  Geographical  detail  Surveyors, 
and  such  a  party  will  be  able  to  survey  about  120  villages, 
or  from  60  to  70  square  miles  per  month. 

The  Sub-Assistant  conducts  the  sui-vey  of  the  main  or  Per- 
gunnah  circuit,  observes  the  angles  and  records  them  with  the 
distances  of  the  station  lines  in  the  Field-book;  it  is  his  duty 
to  arrange  the  whole  of  the  smaller  or  village  cu^oits  for  the 
Native  Sub-Assistants  imd  to  examine  and  compute  the  data 
furnished  by  these  boundary  Surveyors,  to  protract  the  work 
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and  see  if  the  oflseta  have  been  properly  taken,  and  to  check 
the  azimuth  extending  from  village  circuit  to  circuit,  and 
make  it  accord  with  the  true  azimuth  of  the  main  circuit  at 
every  point  at  which  a  junction  is  proved.  He  must  regulate 
likewise  the  filling-in,  of  the  Geographical  details  of  every 
village  circuit,  and  guard  against  any  error  in  the  proceedings 
of  the  native  Surveyors  who  perform  this  duty,  taking  especial 
care  that  the  magnetic  variation  of  the  compass  used  for  this 
purpose  is  properly  adjusted  to  the  true  meridian  and  the 
bearings  laid  down  on  the  Field  map  accordingly.  It  is  the 
duty  of  this  Officer  also  to  compare  the  external  boundary  of 
the  village  map  with  the  Tkdkbttst  or  Settlement  Officer's 
demarcation  map,  and  to  make  an  immediate  report  of  any 
discrepandes  which  may  appear,  and  when  the  measuring 
Aomeens  are  engaged  in  the  Sub-Assistant^s  Division  he  has 
to  t«st  their  work  in  the  Field,  and  control  and  check  any 
abuses  which  may  come  to  his  knowledge ;  he  has  likewise 
to  render  an  account  of  the  progress  of  the  survey,  and  to 
see  that  a  doe  amount  of  diuly  Field-work  is  produced  by  each 
chain  party  imder  him,  and  he  la  strictly  responsible  for  the 
accuracy  of  every  portion  of  the  work  within  his  own  division, 
which  must  be  dnly  attested,  before  it  is  sent  on  to  tlie 
Superintending  Officer. 

The  Native  Sub-Assistant  in  charge  of  a  Boundary  party 
surveys  all  the  village  circuits,  within  the  main  or  Pergunnah 
circuit,  observes  the  angles  with  the  Theodolite,  keeps  the 
Boundary  Field-book  in  English  and  enters  the  offsets.  On 
the  close  of  each  day's  Field  labor,  or  as  soon  as  a  convenient 
quantity  of  work  is  completed,  he  forwards  the  Field-book  to 
the  Sub- Assistant,  who  extracts  all  the  data  for  making,  or  as 
it  ie  t«rmed  putting  up,  the  traverse.  The  Boundary  Surveyor 
also  immediately  reports  any  difference  he  may  have  observed 
between  the  Thdks  or  mud  pillars  and  other  marks  actually 
existing  io  the  Field,  and  the  sketch  map  furnished  by  the 
Settlement  Officer. 
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The  interior  detail  Native  Sub-Assistant  surveys  all  the 
Geographical  details  within  each  village  circuit  with  a  Pria- 
matic  or  common  surveying  compass  and  chain,  such  as  the 
village  sites,  rivers,  nullahs,  jheels,  roads,  temples,  &c., 
sketehing  in  large  tracts  of  Jungle  or  waste,  and  recording  the 
Mofusgil  name  of  each  village  site.  Being  famished  v-ith  a 
drawing  board  and  T  square  with  the  exterior  lines  of  the 
village  circuits  protracted  thereon,  the  boundary  on  any  par- 
ticular line  can  easily  be  re-surveyed  by  this  individual  or  any 
disputed  pece  of  land  laid  down  according  to  the  decision  of 
the  local  authorities.  The  interior  Native  surveyor  also  is 
available  for  collecting  statistical  information  from  the  village 
authorities  and  zemindars  such  as  the  number  of  houses, 
ploughs,  head  of  cattle,  the  soil,  crops  and  harvest;  and  in 
cases  were  the  Khusrah  Aumeens  do  not  extend  their  measure- 
ments te  such  villages,  this  plan  may  be  followed  with  ad- 
vantage, although  it  may  be  the  means  of  delaying  the  detail 
survey  a  little, 

A  Boundary  chain  party  consists  of  the  following  indi- 
viduals, whose  special  duties  will  be  remarked  on  in  the 
sequel : 

Native  Assistant  Surveyor 1 

Tindal 1 

Chainmen 3 

Flag-footers 4 

Offset-man  1 

Instrument  c 


Total 11 

Tliis  number  is  absolutely  required  for  the  effective  pro- 
secution of  the  survey,  in  addition  there  is  generally  a  Police 
Burkundauze  or  Peadah  from  the  Settlement  Officer  attach- 
ed, to  cause  the  attendance  of  the  parties  concerned  on  both 
sides  of  the  boundary,  and  to  prevent  complaints  and  demands 
for  Rustud  or  supplies.     The  interior  chain  party  reqmres  only 
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8  men,  which  is  ample  for  the  natmre  of  the  survey  and  the 
instrumeDts  employed. 

The  duty  of  the  Revenue  Surveyor  is  to  exercise  a  general 
superintendence  oyer  the  whole  establishment,  and  to  direct 
the  combined  Professional  and  Khusrah  operations  in  such  a  ' 
manner  that  accuracy  and  despatch  may  be  preserved,  and  at 
the  same  time  that  neither  should  be  unduly  sacrificed  to  the 
other,  he  must  regulate  his  progress  so  aa  to  keep  his  expendi- 
ture within  the  maximum  allowed  sum.  On  him  devolves 
-the  chief  and  most  important  point  of  laying  down  the  true 
meridian  by  Astronomical  observation,  and  of  testing  the  same 
in  various  parts  of  his  work,  and  thus  satisfying  himself  that 
the  azimuth  conveyed  from  main  circuit  to  m^n  circuit  does 
not  deviate  from  its  true  inclination  beyond  the  allowed  error. 
He  should  be  constantly  on  the  move  visiting  each  Sub-Assist- 
ant's camp,  rendering  advice  and  assistance  in  cases  of  diffi- 
culty, and  examining  into  the  state  of  the  work  as  it  pro- 
gresses step  by  step,  taking  especial  care  that  the  calculations  to 
the  extent  of  the  proof  items  are  fiilly  brought  up  and  keep 
pace  with  the  Field-work.  He  should  have  a  thorough  know- 
ledge of  his  district,  and  be  thus  able  to  check  any  glaring 
defect  in  the  delineation  of  the  Geographical  featurea  of  the 
country;  in  fact,  as  the  responsible  agent,  it  should  be  the 
Mm  of  this  Officer  to  maintain  such  a  systematic  and  methodi- 
cal course,  that  hia  own,  and  all  his  subordinates  profes- 
sional character  may  be  secured. 

Another  great  and  important  point  in  the  duty  of  the  Sur- 
veyor, as  well  as  his  Assistants,  is  to  keep  all  the  instruments 
in  a  proper  and  efficient  state,  and  on  all  occasions  to  see  that 
they  are  in  perfect  adjustment  The  most  liberal  supply  of 
the  very  first  rate  instruments  is  granted  by  the  Government, 
.  and  as  the  wear  and  tear  on  a  Kevenue  survey  is  very  great, 
.too  much  attention  cannot  be  paid  to  the  subject  With  such 
a  proportion  of  Native  agency,  it  may  be  imagined  that  a 
Theodolite  employed  daily  for  six  months  in  the  year,  subject 
.'  '  2  K 
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to  all  weathers,  mast  suffer  in  some  measure  and  unless  looked 
after  will  soon  get  out  of  order.  On  the  character  and  capabilitj 
of  his  instmments,  the  value  of  a  Surveyor's  labors  mnst  in  a 
great  degree  depend.  It  is  therefore  essential  that  as  often 
as  the  occasion  demands,  a  Theodolite  should  be  carefnllj 
cleaned ;  the  limb  should  be  dusted  with  a  fine  camel  hair 
brush,  and  periodically  on  the  close  of  a  Field-season,  the 
graduated  silver  limb  should  be  gently  washed  with  soap  and 
water,  and  then  cleaned  with  a,  piece  of  old  silk,  some  fine  olive 
oil  and  a  little  lamp  black,  &eshly  made  and  free  &om  grit — 
the  best  oil  for  the  axis  is  goose  or  duck  fat.  All  instm- 
ments damaged,  or  worn  out,  and  requiring  repair  are  sent  to 
Calcutta  during  the  recess,  and  put  into  efficient  working 
<mler,  or  exchanged  in  the  Mathematical  Instrument  Maker's 
Department,  and  returned  in  time  for  the  ensuing  season's  work. 

In  addition  to  a  full  complement  of  Glassies  or  Measnrers 
for  each  Sub-Assistant  and  Xative  Surveyor  a  considerable 
number  of  men  of  the  same  class,  are  required  for  preparing  the 
station  lines  preparatory  to  survey;  this  preliminary  duty  is 
most  important,  and  requires  much  time  and  skill  in  its  effici- 
ent performance,  and  without  all  the  stations  are  so  marked 
out  ready  for  the  survey  party,  the  valuable  time  of  the  Sub- 
Assistant  would  he  lost,  and  an  undue  cost  thus  thrown  on  the 
work;  &equently  there  is  a  vast  deal  of  jungle  to  be  cut 
through,  occupying  a  line-cutting  party  several  weeks ;  distinct 
sets  of  men  are  told  off,  for  the  main  circuit  and  the  village 
circuits. 

Main  Circuit  lAne-cutters  cure  employed  in  preparing  the 
station  points  of  a  survey  on  the  exterior  of  a  Pergunnah  or 
other  tract  of  country,  and  their  method  of  proceecUng  is  aa 
follows : 

The  Tindal,  (selected  from  the  most  expert  and  intelli- 
gent of  the  Glassies)  is  accompanied  by  a  Classic,  some- 
times two,  and  receiving  his  orders  to  start  from  a  given  point 
on  the  exterior  of  a  Pergunnah,  generally  where  three  Per- 
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gonnahs  meet,  plants  bis  first  station  at  the  tri-jimction ;  ha 
does  this  hy  means  of  a  bamboo  peg,  about  a  foot  long,  which 
he  drives  firmly  into  the  ground,  leaving  about  2  inches  of  it 
above  the  surface  and  roond  which  he  cuts  5  trenches,  as 
shown  in  Fig.  1,  Plate  V;  these  station  points  are  called 
P^gufmah  TripU-bmmdary  Station* ;  this  done,  he  stands  over 
the  peg,  holding  a  flag  upright,  and  directs  his  Classie  to 
proceed  on  along  the  boundary  of  the  Pergunnab,  outil  he 
comes  to  a  spot  where  three  villages  meet,  he  there  plants 
another  p^  and  marks  it  as  shown  in  Fig.  2,  Plate  V ;  these 
points  are  called  Village  Triple-boundary  Stations. 

Should  the  offsets  to  the  boundary  between  these  two 
station  points  be  too  great,  or  exceed  5  chains  on  each  side 
of  the  line,  (which  can  easily  be  ascertained  by  the  direction  of 
the  bamboo  marks  or  mud  pillars  erected  to  mark  the 
boundary  line,  and  which  is  invariably  done,  previous  to 
the  snrvey  conmiencing,)  intermediate  station  points  must  be 
planted  in  such  a  manner  that  the  offsets  on  each  line  may  be 
brought  within  the  above  limit,  all  these  intermediate  stations 
are  marked  as  shown  in  Fig.  3,  Plate  V. 

To  enable  the  Tindal  to  ascertain  the  names  of  the  villages, 
&C.,  to  his  right  and  left  hand  as  he  proceeds  and  to  ensore 
his  keeping  on  the  boundary  of  the  Pergunnah,  he  is  furnished 
with  a  general  Perwannah,  on  the  different  Zemindars,  to  give 
such  information  and  assistance  as  may  be  necessary.  The 
Tindal  proceeds  in  this  manner,  running  a  series  of  stations 
all  round  the  Pergunnah,  keeping  it  to  his  lef^  hand,  marking 
where  the  exterior  Pergnnnah  changes  by  cutting  6  trenches, 
every  village  triple-boundary  by  3  trenches,  and  every  interme- 
diate station  by  2  trenches,  until  he  arrives  back  at  the 
point  he  started  &om ;  near  each  station,  a  bamboo  with  a  wisp 
of  straw  is  generally  planted  in  the  ground,  to  enable  the 
Assistant  when  anrveying  the  main  circuit,  as  this  is  called, 
to  see  the  direction  of  every  succeeding  station,  and  thus 
prevent  any  delay  in  finding  them  when  in  the  Field. 
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The  duties  of  the  ViUmge  Idne-cutter  are  exactly  Bimikr  to 
those  of  the  maJQ  circuit  line-cntter  with  this  exception,  that, 
whereas  the  main  circoit  line-cutter  does  his  work  by  main 
or  large  circuits  of  Pergunnahs,  the  village  line-cntter  does 
his  by  smaller  circuits  of  villages,  contained  totthin  the  mtun 
circuit,  making  use  of  all  the  triple-boundary  stations  of  the 
former,  on  the  main  circuit,  as  so  many  points  for  closing  his 
own  work  on ;  he  proceeds  thus : 

He  takes  any  village  triple-boundary  station  on  tiie  main 
circuit  as  a  starting  point,  and  keeping  the  village  to  his  left 
hand,  he  sends  his  Clasaie  forward  along  the  boundary,  until 
he  comes  to  a  Epot  where  3  villages  of  the  Pergunnah  meet, 
including  the  one  he  is  preparing  the  stations  of,  he  there  plants 
a  station  cutting  the  trenches  as  in  Fig.  2,  Plate  V.,  and  filling 
up  between  the  two  points  with  other  stations  should  the  ofisett 
on  each  side  exceed  5  chains. 

Thence  the  Classie  proceeds  along  the  boundary,still  keeping 
the  same  village  to  his  left  hand,  until  be  comes  to  another  triple* 
boundary,  marking  it  and  filling  up  intermediately  as  above, 
he  continues  on  until  he  arrives  on  the  main  circuit  again, 
ftt  a  different  station  &om  where  he  commenced,  here  he  closes 
his  work  on  the  main  circuit  station,  as  all  the  stations  be- 
tween his  closing  one,  and  the  one  he  started  from  have  been 
already  prepared  by  the.  main  circuit  line-cntter. 

Having  thus  completed  the  stations  for  one  village,  he  com- 
mences again  on  either  a  triple-boundary  of  his  own  work  just 
prepared,  or  again  on  a  main  circuit  triple-boundary,  and 
keeping  the  village  to  his  left  hand,  he  proceeds  round  it,  until 
he  comes  upon  a  main  circuit  triple-boundary,  or  one  of  his 
own  interior  village  triple-boundaries,  where  he  again  closes 
his  work,  as  the  intermediate  stations,  between  where  he 
started,  and  where  he  has  just  closed,  if  the  main  circuit  have 
been  prepared  by  the  main  circuit  line-cntter,  and  if  of 
interior  village  circnits,  they  have  been  prepared  by  himself; 
he  thus  proceeds  with  every  village  within  the  Pergunnah 
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ntital  the  whole  of  them  are  prepared  in  the  manner  des- 
cribed. 

Should  the  Pergumiah  be  large,  consisting  of  150  or  200 
villages,  it  is  usual  to  send  3  or  4  parties,  to  prepare  the  vil- 
lage stations,  subdividing  the  Pergunuah  equally  amongst 
them,  and  starting  tliem  from  opposite  sides,  in  such  a  manner, 
Uiat  they  may  all  meet  at  the  closing  of  their  work,  when  no 
coniusion  will  take  place,  in  their  taking  one  another's  stations 
to  close  on. 

Main  circnits  can  also  be  subdivided  in  the  same  manner,  by 
Btarting  the  line  catters  from  various  Pergnnuah  triple-bounda-r 
ry  points,  on  the  exterior  of  the  Pergnnnah,  and  directing  them 
to  proceed  on,  keeping  the  Pergunnah  to  their  left  band,  until 
they  come  to  the  next  Pergunnah  triple-boundary,  when  if  ano- 
ther  line-cntter  has  started  &om  thence,  he  will  find  it  ont,  by 
seeing  the  station  point  already  prepared,  and  on  which  he 
mnst  close  his  portion  of  the  main  circuit 

Village  line-cuttera  are  always  supplied  with  a  list  of  vil- 
lages within  the  Pergunnah  of  which  they  have  to  prepare 
the  stations,  and  lliey  are  frimishedwith  a  Perwannah,  on  the 
various  Zemindars  within  their  track,  to  obtain  such  aasistance 
and  information  as  may  be  necessary  to  prosecute  their  work. 

Line-cutters'  duties  are  very  troublesome  and  laborious,  for 
they  act  as  pioneers  and  prepare  the  country  for  survey, 
and  have  many  difficulties  to  overcome,,  not  only  irom  the 
nature  of  the  country,  but  from  the  delays  cansed  by  the 
non-attendance  of  village  authorities,  and  the  difficulty  o£ 
procuring  the  information  they  require  to  enable  them  to 
carry  on  their  work ;  they  are  generally  in  consequence  paid 
a  higher  rate  than  the  Glassies,  or  from  5  to  6  Rupees  per 


Chainmen  are  employed  in  measuring  the  distances  between 
the  station  points  as  above  prepared  by  the  line-cutters ;  two 
men  drag  the  chain,  and  a  third  is  necessary  to  hammer  the 
pin  in  and  stand  by  it  irntil  the  rear  man  comes  up,  this 
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Isavea  a  dorable  mark  oa  the  ground,  and  precludes  a  chance  of 
miscalcnlation,  should  the  arrow  be  disturbed  by  the  chain — 
Ibr  the  method  of  measuring  chain  lines  and  keeping  the 
accounts  of  them  see  page  103. 

Offtet-mm.  Their  dufy  is  to  measure  the  offsets  from  the 
chain  line  to  the  boundary,  and  for  which  purpose  they  are 
provided  with  an  offset  rod  of  20  links  in  length,  generally 
made  of  a  light  bamboo — directions  for  its  use  and  of  the 
cross  staff  will  be  found  at  pa^e  104. 

Flagmen  are  supplied  with  light  bamboos,  about  20  feet  in 
length,  and  shod  with  an  iron  spike  (Fig,  4,  Plate  V.,) 
surmounted  by  a  small  triangular  black  or  red  and  white 
flag,  (Fig.  5,  Plate  V.,)  according  to  the  fancy  of  the  Surveyor ; 
tiiese  bamboos  are  held  perfectly  upright  on  the  several 
station  points,  prepared  by  the  line-cutters,  and  on  them  the 
surveyor  fixes  the  cross-wires  of  his  Theodolite  to  obtain  bia 
angular  observation. 

Plummets  are  sometimes  used,  attached  to  the  bamboos,  to 
ensure  their  being  held  quite  perpendicular,  but  they  are 
troublesome  and  inconvenient ;  it  is  quite  sufBcient  for  the  fla^ 
man  to  place  the  iron  spike  of  the  bamboo  on  the  centre  of  the 
bamboo  peg  at  the  station  point,  keeping  tihe  latter  between 
his  feet  and  holding  the  bamboo  with  both  hands  about  the 
height  of  his  chest,  and  in  a  line  with  his  nose  (Fig.  6,  Plate 
V.,)  his  front  being  turned  towards  the  Surveyor. 

Three  flagmen  are  sufBcient  for  one  Theodolite,  but  with  a 
practised  and  expert  Surveyor  your  are  necessary  to  prevent 
delay ;  their  method  of  proceeding  is  as  follows : 

TTie  Surveyor  having  fixed  his  Theodolite  on  his  starting 
station  point,  sends  one  man  to  the  back  station,  and  one  to 
the  forward  station,  keeping  the  third  with  himself,  or  at  the 
station  where  his  Theodolite  is  planted;  having  taken  his 
angular  observation,  by  any  of  the  methods  shown  at  page 
132,  tiie  flagman  standing  by  him,  waives  hia  flag  to  the  r%ht 
and  letl,  when  the  man  at  the  back  station,  understanding  this 


jM,Cooglc 


^^.^  L 


II 


II- 


jM,Googlc 


jM,Googlc 


319 

aa  hia  signal,  comes  up  to  the  station  where  the  Theodolite 
was  and  relieves  the  flagman  there,  who  rnns  on  and  relieves 
the  flagman  at  the  forward  statioD,  who  in  his  torn  proceeds 
on  to  the  next  station. 

All  these  reliefs  are  made  wliilst  the  Snrveyor  is  engaged 
measuring  the  distance  between  the  two  station  points,  so  that 
on  his  arrival  at  the  end  of  the  chain  line,  the  flagmen  are 
again  in  their  proper  podtion,  to  enahle  him  to  observe  hia 
second  angle,  and  thns  no  time  is  lost 

The  flagmen  thns  continue  on  firom  station  to  station,  reliev- 
ing one  another,  until  the  circuit  of  the  village  is  completed. 
Flagmen  should  be  light,  smart,  and  active  men,  and  well 
trained  to  running,  for  much  time  is  sometimes  lost  by  the 
Surveyor  in  having  to  wmt  for  the  forward  flagman  reaching 
his  staUon. 

Instrument  earriert,  are  for  the  purpose  of  carrying  &e 
Theodolite  or  compass  from  station  to  station.  They  are 
supplied  with  a  leather  sling  belt,  (Fig,  7,  Plate  V.,)  end- 
ing in  a  socket,  into  which  the  feet  of  the  Theodolite  stand, 
when  closed  up,  are  introduced;  this  sling  belt  bears  the 
weight  of  the  instrument,  and  shoold  therefore  be  made  of 
sufficient  strength  for  the  purpose,  the  instrument  is  kept 
steady  and  upright  by  holding  it  as  shown  in  the  figure. 

Instrument  carriers  or  Theodolite  men,  as  they  are  generally 
called,  should  be  selected  from  the  strongest  and  most  careful 
of  the  Glassies,  for  it  is  no  easy  matter  to  carry  a  Theodolite 
about  all  day  fixed  on  its  tripod  stand. 

The  instrument  box  is  strapped  over  the  shoulders,  like 
a  knapsack,  and  is  slung,  so  that  the  Tbedolite  is  always 
carried  in  an  upright  position  (Fig.  8,  Plate  V.)  These 
boxes  being  exposed  to  the  sun  the  greater  part  of  the  day, 
should  be  well  protected  with  a  cloth  cover  wadded  with 
cotton ;  a  Ave  or  six  inch  Theodolite  can  be  carried  about 
the  whole  day  by  one  man,  but  a  7  inch  requires  two  men  to 
relieve  one  another. 
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>  These  men  should  be  tanglit  to  carrf  the  mstrameiit,  so  as 
not  to  jerk  it  by  tbe  motioo  of  the  body  and  to  be  careiul  in 
avoiding  going  under  trees,  as  very  often  a  stray  branch  is 
liable  to  knock  the  instmment  off  its  stand,  for  which  reason 
a  Surveyor  should  be  carefiil  after  every  obs^vation  to  see 
that  the  spring  clamp  which  retains  the  instrument  on  its 
tripod  (aa  described  in  page  129,)  is  secure. 

The  remaining  Glassies  are  employed  in  carrying  the  T 
square  and  board,  the  Cross-staff,  Sec,  their  duties  requiring 
-no  particvilar  notice. 
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CHAPTER  XII. 


On  the  Commencement  and  Effective  Prosecution 
OF  A  RerENUE  Survey. 

On  the  proper  division  of  labor  depends  the  successful  pro- 
gress of  a  Survey ;  duties  once  told  off,  should  be  adhered  to 
for  the  season's  operations ;  if  a  Surveyor  is  continually  chang- 
ing the  duties  of  Ms  establishment,  he  will  as  sorely  get  bis 
work  into  confusion,  and  delays  and  consequent  check  will 
be  the  result  Some  system  or  method  must  be  observed  in 
disposing  of  a  large  establishment  to  the  best  advantage,  and 
by  a  judiciona  distribution  of  the  proportion  of  European  to  the 
Kative  establishment,  and  suitable  localities  of  the  Head- 
Quarters  of  each  camp  or  party,  the  allowed  means  are  turned 
to  the  best  account 

It  must  not,  however,  be  supposed  that  every  Officer  snper- 
intendiug  a  Survey,  observes  the  precise  same  system  of  car- 
rying out  the  dettuls  of  his  work. 

The  profession  of  a  Surveyor  above  all  others  affords  the 
most  ample  scope  for  ingenuity  of  practice,  and  it  will  gene- 
rally be  found  that  every  Surveyor  has  peculiar  methods  of 
various  practical  sorts  by  which  he  believes  his  operations  are 
benefitted;  we  shall  therefore  endeavour  to  explain  in  the 
following  pages,  the  leading  principles  of  our  own  experience 
combined  with  the  knowledge  of  that  of  several  contem- 
poraries. 

■  On  the  Revenue  Surveys  in  India,  the  Surveyor  is  not 
merely  dependant  on  his  own  resources,  he  has  to  look  to  the 
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proceedings  of  another  and  distinct  establishment,  that  of  the 
Civil  or  Settlement  OfiBcer,  to  be  supplied  with  a  suiScient 
quantity  of  work,  and  without  the  proper  adjustment  and  pre- 
paration of  boundaries  by  this  functionary,  no  Survey  can  pro- 
ceed. This  is  explained  at  length  under  Part  IV",  of  this  Book, 
treating  of  the  important  division  of  all  Revenue  proceedings 
the  Khufrak  or  Native  Field  measurement. 

In  the  iirst  place,  it  is  advisable  to  obtain,  if  possible,  a  map 
or  sketeh  of  the  district  coming  under  Survey,  and  by  getting 
a  bird's  eye  view  of  the  country,  to  decide  where  the  Sur- 
veyor should  commence,  and  how  and  in  what  direction  he 
ought  to  proceed  so  as  to  keep  his  work  compact ;  he  must 
settle  at  once  the  spot  where  his  £rst  meridian  line  is  to  be 
laid  down  and  note  the  different  localities  where  he  will  test 
his  meridian  as  he  proceeds. 

Some  months  previous  to  taking  the  Field,  he  will  commn- 
nicate  with  the  Settlement  Officer,  and  make  all  necessary 
arrangements  with  him  for  the  progress  of  the  combined  opera- 
tions of  both  Professional  and  Khusrah  Survey.  The  Pct- 
gunnahs  or  other  divisions  to  be  surveyed  during  the  season, 
must  be  decided  on,  as  well  as  that  portion  of  each  Fergunnah, 
on  which  the  Survey  operations  are  to  commence,  the  number 
of  Th&kbusts  of  villages  or  demarcation  papers  reijuired  month- 
ly must  be  settled,  as  well  as  the  number  of  villages  requiring 
measurement  by  Khusrah.  All  preliminaries  must  be  arranged 
prior  to  taking  the  Field,  and  there  should  be  such  an  under- 
standing between  the  Surveyor  and  Settlement  Officer,  as  may 
prevent  all  hindrance  to  the  [ffogress  of  the  work ;  the  object 
of  both  should  be  to  co-operate  mutually  with  each  other,  and 
so  overcome  all  difficulties  that  may  present  themselves. 

The  season's  work  being  thus,  as  it  were,  set  in  order, 
about  a  month  previous  to  the  establishment  taking  the 
Field,  the  m^  circuit  line-cutters  are  sent  out,  to  pre- 
pare the  stations  of  the  main  circuits  as  shown  in  the  last 
chapter. 
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These  men  receive  their  orders  from  and  are  under  the 
immediate  control  of  the  Revenue  Surveyor,  who  shonld 
direct  them  in  their  dudes,  ,and  on  no  account  should  thej 
be  interfered  with  by  the  Assistants  or  others  on  the  establish- 
ment. For  the  better  elucidation  of  the  manner  of  commencing 
a  Surrey,  we  will  snppose  the  tract  of  country  represented  in 


the  annexed  sketch,  to  be  a  portion  of  the  work  allotted  to  an 
establishment  for  the  season,  and  the  different  divisions,  num- 
bered 1,  2,  3,  4,  &c,  to  consist  of  certain  Pergunnahs  or  other 
local  subdivisions  within  the  district  to  be  surveyed,  the  river 
to  the  south  of  the  whole  forming  the  boundwy  of  the  district 
in  that  direction. 

Our  first  object  is  to  enclose  these  several  Pei^unnahs  or 
subdivisions  within  a  number  of  station  lines,  with  a  view  of 
obtaining  a  correct  series  of  angular  observations  and  chain 
measurements  round  the  exterior  of  eacli,  and  which  is  termed 
a  Main  circuit,  the  correctness  of  which  being  ascertained  by 
the  usual  proof  by  traverse,  the  errors  of  all  the  minor  oi- 
ViUage  circuits  surveyed  within  the  miun  circuit  are  prevented 
from  extending  themselves  beyond.  The  traverse  calculations 
of  a  main  circait  are  never  altered  when  once  proved,  and  they 
are,  together  with  the  angles,  bearings  and  distances,  all  appli- 
cable to  the  several  village  circuits  in  which  tiie  main  circuit 
lines  may  falL 
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To  prepare  a  circuit  tlierefore  of  the  kind,  the  main  circuit 
line-cattera  receive  their  orders  as  follows : 

One  hne-cattang  party  to  stajrt  from  A,  a  second  to  start 
from  B,  a  third  trom  B,  a  foortb  from  H,  and  a  fifth  from  D. 

The  first  party  starting  from  A,  are  directed  to  proceed  along 
the  northern  bank  of  the  river,  keeping  Pergonnah  No.  1  to 
their  left  hand,  until  they  come  on  No.  2,  then  to  run  their  lines 
between  Nos.  1  and  2,  as  far  as  Na  4,  to  continue  on  between 
Nos.  1  and  4,  up  to  No,  6,  or  the  point  B,  from  whence  the 
fifth  party  abovementioned  started,  and  to  close  the  work  on 
the  Station  D  previously  made. 

The  second  party  starting  from  B,  are  directed  to  proceed 
along  the  northern  bank  of  the  river,  keeping  Pergunnah  No.  2 
to  the  left  hand,  and  arriving  at  No.  3,  to  run  lines  between 
Nos.  2  and  3,  touching  No.  4,  continuing  on  between  Nos.  2 
and  4,  until  they  come  on  No.  1,  or  the  Station  C,  made  by 
&.ejtrst  party  as  they  progressed  on  the  main  circuit  of  No.  1, 
closing  on  the  same  station. 

The  third  party  starting  from  E,  are  directed  also  to  proceed 
along  the  northern  bank  of  the  river  towards  circuit  No.  5, 
then  to  run  then:  lines  between  Nos.  3  and  5,  until  they 
come  on  No.  4,  continuing  the  Stations  between  Nos.  3  and  4, 
in  the  direction  of  No.  2,  closing  work  on  the  station  at  F, 
made  by  the  seamd  party,  as  they  progressed  with  the  main 
circuit  of  No.  2. 

The  fourth  party  starting  from  H,  are  directed  to  proceed 
along  the  bonndary  of  No.  4,  keeping  it  to  the  left  hand,  noting 
the  Station  I,  in  the  usual  manner,  as  the  triple-boundary  of 
Nos.  4,  5  and  6,  and  to  continue  on  to  station  D,  or  the 
point  whence  the  jfiftlt  party  commenced,  their  portion  of 
the  main  circuit  of  No.  1,  and  to  close  work  on  that 
station. 

The  fifth  party  starting  from  D,  are  directed  to  keep  Na  1 
to  their  left  hand,  and  proceed  on  until  they  arrive  at  the 
starting  point  A,  from   whence  the  Jirst  party  commenced 
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work,  noting  the  triple-boundaries  of  Nos.  1, 6  and  7,  in  their 


These  five  line-catting  parties  starting  their  work  simulta- 
neously, it  is  necessary,  that  they  should  take  np  the  triple- 
boimdary  stations  common  to  each  other  as  closing  points  for 
their  respective  work ;  for  instance,  the  second  party  starting 
from  B,  at  the  same  time  that  the  first  starts  from  A,  it  is 
necessary  that  the  latter  should  take  np  Station  B  in  their  work, 
as  they  progress  round  towards  C  and  D,  the  same  as  regards 
the  second  and  third  party,  the  former  should  take  up  Station  E 
in  their  work,  and  so  on  for  all  of  them;  if  they  neglected  doing 
this,  there  would  be  two  stations  at  every  Pergonnah  triple- 
boundary,  which  would  cause  tnach  confusion  in  the  work. 

In  the  absence  of  a  map  of  the  district,  some  difficulty  may 
be  experienced  in  directing  the  line-cutters  at  first,  but  the 
Revenue  Surveyor  should  endeavour,  by  all  practicable  means, 
to  obtEon  a  knowledge  of  his  district,  either  by  information 
obtained  from  Zemindars  or  others,  or  what  is  better,  to  take 
a  ride  over  it  in  different  directions  and  especially  over  the 
parts  where  his  work  is  to  commence,  and  obtain  information 
for  himself;  when  once  the  four  or  five  first  Pergunnahs  of 
a  district  are  got  over,  they  of  themselves  show  much  of  the 
boundaries  of  the  adjoining  ones,  and  a  morning's  ride  or  two 
in  advance  of  his  work  together  with  the  assistance  of  one  or 
two  smart  Ttndals,  sent  about  to  obtain  information,  will  soon 
enlighten  him  as  to  how  the  general  disposition  of  the  next 
adjoining  Pergunnahs  run. 

In  the  above  manner,  four  mtun  circuits  enclosing  an 
area  &om  3  to  400  square  mUes  are  prepared  at  one  and  the  ' 
same  time,  and  they  should  be  surveyed  in  the  same  way, 
i.  e.  one  Assistant  should  start  from  A,  and  run  the  circuit 
ABCDFA,  a  second  should  start  at  B,  and  run  the  circuit 
BEFC,  closing  his  work  on  0,  a  third  should  start  at  E, 
and  run  the  circuit  EGHF,  closing  his  work  on  F,  and  a 
fourth  should  start  at  H,  and  run  the  circuit  HID,  closing 
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his  work  on  D,  and  if  tlie  Assistants  are  at  all  expert,  supposing 
the  nomber  of  stations  to  average  180  per  main  circuit,  the 
whole  should  be  completed  within  a  week.  The  angular  ob- 
servations and  chain  distances  between  two  adjoining  main 
circuits  are  made  common  to  both,  bj  reversing  the  angles 
and  measurements  of  one  circuit,  which  are  then  applicable  to 
the  adjoining  one,  or  in  other  words,  that  the  angles  observed 
and  distances  measured  from  B  to  C,  in  No.  1  circuit,  by 
being  reversed,*  will  answer  for  the  anglea  and  distances  &om 
C  to  B,  in  No.  2  circuit,  and  that  the  angles  and  distances  firom 
C  to  D,  in  No.  1,  reversed,  will  furnish  the  angles  and  distances 
from  D  to  C,  in  No.  4,  and  so  on  through  all  the  circnlts. 
By  these  means  each  circuit  is  made  complete,  and  adopts 
itself  to  the  usual  proof,  bringing  the  Survey  round  from  tba 
station  whence  it  started,  to  the  same  point  of  departure  again, 
and  thus  the  difference  of  latitude  and  departure  of  each  triple- 
bonndarj  is  identical  in  both  contiguous  circuits. 

To  prevent  the  possibility  of  error  in  the  chain  lines  it  is  an 
excellent  plan  and  one  that  is  generally  adopted  for  the 
Assistant  to  have  a  Native  Surveyor  following  in  bb  track, 
carrying  on  a  second  measurement  of  the  lines  in  his  rear  as 
he  proceeds,  which  re-measurements  should  be  compared 
every  evening  as  soon  as  the  Native  Surveyor  arrives  at  the 
station  where  the  Assistant  has  closed  work  for  the  day,  and 
any  discrepancy  appearing,  it  should  be  corrected  the  first 
thing  the  next  morning  by  a  third  measurement 

It  is  not  necessary  for  an  Assistant  surveying  a  main  circuit 
to  take  the  offsets  to  the  botuidary  marks,  as  it  wonld  cause 
much  delay  to  his  progress ;  JJiey  can  be  taken  up  by  the  Native 
Surveyor  when  surveying  the  villages  in  which  the  several 
lines  on  the  main  circuit  fall. 

As  soon  as  the  Assistant  completes  the  survey  of  a  main 
circuit  he  should  forward  his  Field-book  of  the  angles  and  dis- 

*  By  reversing  an  angle  is  ineftot  deducting  it  from  3G0°. 
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tances  at  once  to  the  Revenue  Surveyor,  whose  daty  it  is,  to 
put  up,  calculate,  and  correct  each  circuit ;  this  may  be  con- 
sidered by  some  Surveyors  as  the  duty  of  the  Asaistauta,  but 
they  have  ample  work  with  the  village  circuit  survey  to  occupy 
the  whole  of  their  time,  without  bemg  taxed  with  these  calcu- 
lations, and  as  the  correctness  of  the  general  work  depends 
entirely  upon  these  main  circuits,  the  Superintending  Officer 
is  the  proper  person  to  look  to  them. 

When  these  Field-books  are  sent  in  bj  the  Assistant,  the 
main  circuit  line-cuttera  should  immediately  be  told  off  to  pre- 
pare other  circuits,  so  that  they  may  have  them  ready  for  sur- 
vey by  the  time  the  village  circuits  are  completed  within  the 
circuits  juat  closed. 

Whilst  the  main  circuits  are  being  surveyed,  the  Revenue 
Surveyor  should  be  employing  himself  in  fixing  his  meridian 
line,  that  a  correct  azimuth  for  the  work  may  be  ready  by 
the  time  the  several  Assistants  close  their  circuits,  for  on  the 
correctness  of  this  azimuth  rests  the  entire  basis  of  the 
work. 

The  first  station  to  be  selected  for  the  survey,  viz..  A, 
should  be  the  point  where  the  boundaries  of  three  Fergunnahs 
meet ;  this  forming  a  point  of  departure  for  the  whole  Burvej 
from  which  the  coKirdinate  distances  of  all  remarkable  places 
and  conspicuous  objects  are  calculated,  must  be  made  perma- 
nent by  building  over  it  a  circular  brickwork  pillar  about  6 
feet  diameter,  as  in  the  adjoining 
diagram,  the  station  being  the  centre 
from  which  the  circle  for  the  pillar 
is  described ;  this  pillar  serves  also 
as  a  good  landmark  from  which 
the  boundary  of  the  three  congre- 
gated Fergunnahs  may  easily  be  traced,  and  from  which  point, 
the  true  azimuth  of  all  sorrounding  conspicuous  objects,  such 
as  a  mosque,  temple,  remarkable  tree,  village,  &c.,  must  bo 
observed,  a  full  description  of  the  same  being  given  in  the 
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station  again,  and  leading  off  therefrom  the  true  meridian. 

On  this  station.  A,  the  Theodolite  must  he  firmly  placed," 
to  ascertain  by  any  of  the  methods,  as  shown  in  Part  V.  of 
this  work,the  true  azimuth  of  the  first  line  of  the  survey.  The 
Surveyor  should  not,  however,  rest  satisfied  with  the  azimnth 
of  his  first  line  being  correct ;  for  unless  the  angular  obser- 
vations between  two  given  points,  which  in  a  distance  of  10 
miles  would  average  from  30  to  40,  have  been  made  with  the 
greatest  precision,  the  azimnth  deduced  through  them  will 
be  erroneous,  by  the  same  quantity  that  the  angles  them- 
selves ara 

The  best  method  therefore  of  preventing  any  accumulation 
of  error,  or  in  other  words,  of  correcting  the  angular  observa- 
tions so  as  to  reduce  them  to  the  usual  proof,  is  to  fix  on 
various  other  points  on  the  circuits,  and  ascertain  by  freah 
observations  in  the  same  manner  as  at  Station  A,  the  true 
azimuth  of  the  lines  measured  from  these  points,  such  »s  at 
B,  E,  G,  F,  I  and  D. 

By  this  means,  the  error  in  the  angular  work  between  A 
and  B  is  confined  within  those  limits,  i.  e.  if  the  azimuth  of 
the  first  line  from  A  is  carried  through  the  angular  observa- 
tions between  A  and  B,  and  the  azimuth  so  deduced  of  the 
first  line  measured  from  B,  is  -|-  or  —  the  azimuth  found  by 
observation,  it  is  evident  that  the  difference  between  the  two 
azimuths  is  the  error  of  the  angular  wort  between  A  and  B, 
and  can  be  corrected  accordingly, 

■  Wo  recammend  the  fallowing  method  of  ensuring  the  steadiness  of  the 
Theodolite  during  observationa.— With  a  radius  of  about  a  to  3  feet,  accord- 
ing to  the  size  of  the  ioslrninent,  describe  a  circle  on  tha  ground,  (having  the 
station  peg  as  a  centre)  by  means  of  a.  piece  of  string  fastened  round  the  peg, 
and  at  the  other  end  a  small  piece  of  wood,  or  any  thing  that  will  make  a 
mark  od  the  ground.  Lay  off  this  radius,  six  times  round  the  circumference, 
making  a  mark  at  each  point,  and  at  every  other  point  drive  in  firmly  a  tent 
peg  to  within  acouple  of  inches  of  the  surface,  and  rather  inclIniDg  inwards 
towards  the  centre,  on  these  three  tent  pegs,  rest  the  legs  of  the  iostrament, 
which  thus  becomes  isolated  in  the  gronnd  on  which  the  obserreT  movee. 
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In  the  same  manner,  the  difference  between  the  deduced 
azimuth  and  that  by  observation  at  Station  D  is  the  error  of 
the  angnlai  work  between  B  and  D,  or  between  I  and  D  ;  in 
the  latter  case,  the  azimuth  being  deduced  from  the  direction 
of  Station  I,  and  in  the  former  from  Station  B,  The  aarae  is 
applicable  to  the  correction  of  the  angular  observations 
between  all  the  other  stations,  viz.,  between  B  and  E,  E  and  F, 
F  and  D,  E  and  G,  G  and  I ;  unless  some  system  of  the  kind 
is  adopted  so  as  to  have  a  constant  check  on  the  dednced 
azimuth,  the  proof  by  traverse  of  the  different  main  circuits 
will  be  very  unsatisfactory,  indeed,  they  will  eventually  as  the 
survey  progresses,  be  beyond  proof  altogether.  We  will  here 
jpve  an  instance  to  show  how  necessary  it  is  to  have  such 
a  check  on  the  deduced  azimuth. 


Suppose  tlie  four  main  circuits,  as  shown  in  the  above 
diagram,  to  have  been  surveyed  according  to  their  ntuubers, 
No.  I  first,  and  so  on,  and  that  Station  A  was  the  point 
on  which  the  meridian  of  the  survey  was  first  laid  down;  to 
complete  No.  5  circuit,  it  is  only  necessary  to  start  from 
Station  B  and  close  on  Station  C,  and  to  reverse  the  angles  and 
distances  of  the  adjoining  circuits,  1,  2,  3  and  4,  to  suit  No.  5 
circuit  If  the  azimuth  of  the  work  has  not  been  tested  in 
2  T 
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any  of  the  circuits  1,  2  and  3,  the  azimuth  of  the  line  st  Sta- 
tioD  B  is  entirely  dependant  on  the  correctness  of  the  angular 
work  run  through  these  circuits.  Again,  if  the  azimuth  of  the 
work  has  not  been  tested  in  circuit  No.  4,  the  azimuth  of  the 
line  at  Station  C  is  dependant  on  the  correctness  of  the  angu- 
kr  work  run  through  the  circuit  Na  4. 

We  will  suppose  an  error  of  20  minutes  in  excess  to  have 
gradually  accumulated  at  Station  B,  by  the  error  of  the  an- 
gular work  between  A  and  B,  and  at  Station  C,  we  will 
suppose  the  reverse,  viz.,  a  defect  of  5  minutes;  it  must 
follow,  if  the  angular  observations  between  B  and  G  are  made 
even  with  the  greatest  precision,  that  the  azimuth  deduced  from 
B  towards  C  must  differ  25  minutes  with  the  azimuth  at  0,  as 
deduced  from  A ;  for  the  meridian  of  the  work  at  B  varies  20 
minutes  east  with  the  true  meridian,  and  the  meridian  of  the 
work  at  C  varies  5  minutes  west  of  the  true  meridian,  25  minutes 
will  therefore  he  the  error  of  the  addition  of  theangles  of  No.  5 
circuit,  and  which  must  be  corrected  in,  to  prove  the  angular 
work.  As  circuits  Noa.  1, 2, 3  and  4  are  completed,  it  becomes 
necessary  to  throw  this  error  into  the  new  portion  or  side  of 
No.  5  circuit,  or  between  B  and  C.  Here  is  the  commencement 
of  error  in  the  whole  Survey,  the  azimuth  of  the  work,  on  the 
northern  part  of  these  five  circuits  is,  by  the  above  correction, 
more  or  less,  incorrect ;  this  erroneous  azimuth  is  carried  on 
from  circuit  to  circuit,  until  the  whole  work  is  thrown  out  by 
it  beyond  proof. 

The  proof  columns  of  the  traverses  of  circuit  No.  5  are  added 
up,  and  large  discrepancies  are  apparent,  the  station  lines  are  all 
remeasured  over  and  over  again  to  find  out  the  error,  but  in 
vain,  the  chain  measurements  are  all  perfectly  correct,  the 
error  lies,  in  that  the  traverses  of  all  the  station  lines  between 
A  and  B  have  been  calculated  on  a  meridian,  gradually  in- 
creasing in  error  to  the  eastward  up  to  20  minutes  at  Station 
B,  and  consequently  throwing  every  station  more  and  more  to 
the  eastward  of  where  it  should  be,  until   Station  B  itself 
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JB  thrown  perhaps  3  or  4  chains  to  the  East  of  its  proper 
site. 

The  same  as  regaiils  Station  C  Every  station  between  A 
and  C  is  thrown  gradually  more  and  more  to  the  west  of  its 
proper  sitnation,  until  C  itself  is  perhaps  30  or  40  links  to  the 
West  of  where  it  ooght  to  be. 

The  consequence  of  this  is,  that  whereas  by  measurement  0 
is  west  of  B,  say  230  chains,  by  calculation  it  is  235  chains, 
this  error  of  5  chains  most  therefore  be  corrected  all  round, 
vitiating  all  the  work  of  circuits  Nos.  1,  2,  3  and  4,  or  else  it 
must  be  crammed  in  between  B  and  C,  on  the  only  side  of  the 
new  work,  and  thus  increase  the  difficulty  when  the  exterior 
circuit  on  No.  5  comes  to  be  calculated. 

We  leave  the  Surveyor  to  act  according  to  his  inclinations 
in  this  dilemma,  but  at  the  same  time  strongly  advise  him  to 
do  neitlier,  but  to  go  back  and  re-observe  his  angular  work, 
and  satisfy  himself  of  the  cause  of  this  accumulation  of  error, 
which  will  increase  in  every  Iresh  circuit,  if  he  does  not  do  sa 
All  this  might  have  been  obviated  by  a  careful  test  of  the 
azimuth  at  two  or  Qaee  intermediate  points  between  A  and  B, 
and  once  at  C  itself,  when  the  azimuths  of  all  the  lines  between 
A  and  B  would  not  have  deviated  more  than  a  minute  or  two 
from  the  true  meridian,  and  the  error  of  the  circuit  (for  some 
error  there  must  be)  would  have  been  within  the  correction 
allowed. 

The  best  points  to  select  for  the  purpose  are  the  triple-bound- 
aries of  Pergunnahs,  which  form  the  starting  and  closing 
points  for  other  circuits,  the  azimuth  at  these  points  being 
tested,  any  circuit  emanating  therefrom  will  be  sure  of  being 
started  correctly. 

This  method  of  testing  the  azimuth  at  different  points  is  an 
excellent  check  on  the  angular  work  of  the  Assistants,  for  as 
they  are  not  made  acquainted  with  the  observed  azimuth  at 
these  several  points,  the  error  of  their  work  is  at  once  detected, 
the  difference  between  the  deduced  and  observed  azimuths 
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showing  it.  It  ia  usual  to  take  the  magnetic  azimuth  of  tha 
back  line  when  commencmg  a  circuit,  to  ascertain  the  varia- 
tion of  the  needle  at  Btarting,  and  to  continue  observing  the 
magnetic  azimuth  of  every  10th  or  15th  line  on  the  circuity 
with  the  view  of  checking  any  very  gross  error  made  in  the 
angular  work  and  on  closing  the  circuit,  the  azunuth  of  the 
last  line  is  also  observed ;  but  these  magnetic  azimuths  can- 
not serve  in  any  way  in  correcting  the  angles,  for  the  needle 
is  not  to  be  depended  on  for  the  accuracy  that  is  requi^te  in 
correcting  the  angular  work  of  the  circuits. 

The  usual  method  of  correcting  the  angular  work  of  nxain 
circuits  is  to  divide  the  error  all  round  the  circuit,  in  the  case 
of  theirs*  circuit,  and  in  other  adjoining  circuits  to  divide  the 
error,  through  the  new  work;  but  for  an  example,  let  us  sup- 
pose No.  1  circuit.  Page  329,  to  have  consisted  of  200  angles, 
and  to  have  an  error  of  40  minutes,  in  excess  of  what  the 
Theorem  requires  for  proof;  we  will  also  suppose  that  between 
A  and  B,  there  were  60  angles  observed,  between  B  and  D  10 
angles,  and  between  D  and  A  also  70,  making  np  the  200 
angles  of  the  circuit. 

By  this  method  of  correction,  12'  would  be  deducted  be- 
tween A  and  B,  14'  between  B  and  D  and  14'  between  D  and 
A,  making  up  the  error  of  40'  at  the  rate  of  1'  for  every  S 
angles.  It  is  found,  however,  by  testing  the  azimuth  at  B  and 
D,  that  the  correction  to  be  applied  between  A  and  B,  is  — 
20",  between  B  and  D  —  26',  and  that  consequently  between 
D  and  A  it  must  be  a  correction  of  +  5', 

By  the  former  method  of  correction,  the  deduced  azimuth  at 
the  point  B  will  be  diminished  12',  atthe  point  D  26',  and  by  de- 
ducting 14'  between  D  and  A,  the  sum  of  the  angles  will  prove. 

By  the  latter  method,  the  deduced  azimuth  at  the  point  B 
must  be  decreased  20',  at  the  point  D  45',  and  between  D  and 
A,  5'  must  be  added  to  prove  the  angular  Work, 

The  difference  between  the  two  raethoda  of  correction  is, 
that  the  former  is  done  by  guess,  and  the  latter  by  actual 
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Astronomical  observation,  and  we  think  it  is  but  too  evident, 
which  is  the  one  most  likely  to  give  the  best  results. 

In  the  preparation  of  main  circuits,  where  a  large  river 
forms  the  boondary  on  one  side,  the  stations  should  be  taken 
along  one  aide  only,  and  when  the  adjoining  main  circuit  is 
.prepared  on  the  opposite  side  of  the  river,  its  stations  should 
run  on  the  opposite  side,  leaving  the  river  to  form  a  circuit  of 
itself;  if  this  is  not  done,  and  the  stations  on  one  side  of  the 
river  are  made  conunon  to  both  circuits,  it  involves  the 
necessity  of  crossing  the  river  every  time  a  village  has  to 
be  closed  on  a  main  circuit  station  wliich  ia  not  always 
practicable. 

Also,  should  the  work  of  the  season  not  extend  beyond  the 
river,  it  is  only  necessary  to  preserve  the  two  extreme  stations 
on  the  river  to  connect  the  work  of  the  next  season,  and  we 
therefore  advise  that  a  river  should  always  be  made  the  bound- 
ary of  a  main  circuit,  even  should  it  not  be  the  boundary  of 
the  Pergunnah ;  there  is  no  more  objection  to  dividing  a  Per- 
gnnnah  into  two  circuits,  than  there  is  to  enclosing  two  or 
three  small  Pergunnahs  within  one  main  circuit;  and  a  river 
offers  many  facilities  in  this  country,  to  laying  down  by  intei> 
section  prominent  points,  such  as  mosques,  temples,  &c.  which 
are  often  found  on  their  banks,  and  perhaps  not  visible  from 
the  interior  part  of  the  Pergunnah. 

If  it  becomes  necessary  to  cross  the  river  during  the  pro- 
gress of  the  mmn  circuit,  the  distance  across  should  invariably 
he  triangulated  and  the  base  of  the  triangle  ought  always  to 
be  at  least  one-third  of  the  estimated  distance.  The  Tindal 
,  who  prepares  the  main  circuit  should  always  clear  a  line  for 
a  base,  whenever  it  is  necessary  to  cross  a  river,  and  not  leave 
it  to  be  done  at  the  time  of  eorvey ;  this  man  must  also  take 
tlie  leading  flag  during  the  survey  of  his  circuit,  for  being 
acquainted  with  all  the  stations,  much  valuable  time  is  saved, 
which  would  otherwise  be  lost,  were  the  leading  flag  taken 
on  by  a  classie  who  had  to  hunt  out  every  station. 
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It  is  absolutely  essential  that  these  main  circuits  should  be 
surveyed  with  the  greatest  care,  and  the  computations  carried 
on  imder  the  Superintending  Officer's  own  eye.  Instruments 
of  not  less  than  7  inch  diameter  should  be  specially  set  aside 
for  this  purpose,  and  on  no  account  ever  entrusted  to  the  Native 
Assistants.  The  carrying  out  of  this  system,  in  all  its  integrity, 
is  most  strongly  insisted  on  by  the  Departmental  Rules.  The 
main  circuits  are  intended  to  free  the  general  results  from  the 
accumulation  of  error,  which  otherwise  would  necessarily  be 
.engendered  by  building  up  one  small  polygon  on  another ; 
they  should  therefore  never  enclose  a  less  area  than  50  square 
miles,  and  they  may  average  from  that  to  100  square  miles. 

It  may  be  perfectly  easy,  instead  of  making  a  hond  Ju^  cir- 
cuit of  this  description  in  the  field,  to  extract  the  sides  of  all 
the  exterior  villages  bordering  on  a  Pergunnah,  and  manufae- 
ture  a  traverse  of  the  required  description,  aad  so  evade  the 
real  intent  and  meaning  of  the  order,  merely  &r  the  sake  of 
the  slight  extra  trouble  caused  in  going  ronnd  a  main  circuit 
The  ineffident  supervision  over  Assistants  will  cause  this,  and 
as  the  consequences  are  most  fatal  to  the  value  andxharacter 
of  a  survey,  loo  much  care  camiot  be  observed  to  guard  against 
it,  the  proof  of  the  work  never  can  come  out  so  satisfactory, 
and  therefore  it  is  liable  to  accumulate  error  beyond  the  means 
of  reducing  it  within  the  allowed  correction. 

Each  part  of  the  work  is  rendered  independent  by  these 
means :  the  lai^er  circuits  being  measured  with  greater  care 
and  precision  and  with  larger  instruments  than  the  smaller,  the 
errors  are  not  only  detected  and  made  apparent,  but  they  can 
be  confined  within  the  space  wherein  they  were  generated, 
merely  by  dispersing  the  error  of  the  subdivisions  or  village 
circuits,  of  which  they  are  composed. 
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CHAPTER  XIII. 


On  the  Method  of  Pbepabing  and  Sueveting  Vil- 
lage    ClECDlTS,    AND     PILLING     IN    TOPOGEAPHICAL 

Details. 

Simultaneously  with  the  preparation  of  the  main  circuits, 
line-cutters  are  detached  for  the  village  circtiitsj  and  they  pro- 
ceed to  prepare  their  villages  for  surrey  aa  shown  in  Chap- 
ter XL  No  definite  rules  can  he  l^d  down  for  their  gnidance 
as  to  where  they  should  commence  their  work,  as  it  depends 
very  much  on  the  size  and  shape  of  the  Pergunnah  or  main 
circuit  i  as  a  general  role,  they  should  be  told  off  to  main 
circuits  in  the  proportion  of  one  party  to  every  fifty  villages 
contained  within  the  drcuit,  thirty  villages  being  considered 
a  fair  month's  work  for  one  line-cutting  party. 

Some  Surveyors  prepare  their  villages  for  survey  by  com- 
mencing from  the  main  circuit  Stations  and  working  inwards 
towards  the  centre  of  the  Pergunnah;  others,  the  reverse,  com- 
mencing from  the  centre,  and  working  on  to  the  main  circuit, 
and  there  closing  their  work :  the  latter  is,  however,  preferable ; 
the  former  is  dependant  on  the  main  circuit  Stations  being 
previously  prepared,  which  cannot  always  be  the  case,  whereas 
in  the  latter,  the  village  Une^utter  only  requires  the  main  cir- 
cuit stations  to  close  the  several  villages  situated  oa  the  bound- 
ary of  the  Pergunnah. 

A  little  practice  in  the  field  will  soon  show  a  Surveyor  the 
best  method  of  telling  off  hb  line-cutters,  the  only  care  requir- 
ed, being  that  of  tahing  up  or  chsing  on  one  another's  Station 
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points  in  adjoining  villages,  aad  of  limiting  tlieir  offsets  with- 
in the  prescribed  maximum  of  5  Chains'  on  each  side  of  the 
chain  lina 

A  sufficient  number  of  circuits  being  thus  marked  out, 
and  all  the  stations  duly  prepared  ahead  of  the  surveying 
party,  the  mode  of  proceeding  will  be  best  ezplaiued  by  an 
example — 

In  the  adjoining  Plate  VL,  let  the  Station  lines  GF,  JA,  AB, 
and  BO,  be  four  lines  previously  surveyed  on  a  main  circuit, 
and  the  three  enclostures  marked  1,  2  and  3,  be  die  irregular 
figures  formed  by  the  boundaries  of  the  villages  contained 
within  them. 

For  the  survey  of  village  No.  1 ,  or  Mahmoodpore,  start  from 
Station  C  of  the  main  circuit,  observe  the  interior  angle  BCa, 
thence  proceed  to  Stations  a,  b,  c,  d,  e,  observing  the  interior 
angles  of  the  polygon  Cab,  ahc,  bed,  &c.,  measuring  the  lines 
Ca,  ab,  be,  cd,  &c.,  and  closing  on  Station  J  of  the  main  circuit, 
observing  the  interior  angle  ^JA ;  to  complete  tJie  angles  of 
this  polygon,  to  obt^  the  necessary  proof,  the  angles  JAB 
and  ABC  of  the  nuun  circuit  must  be  added  to  the  an^es 
above  taken. 

To  survey  the  village  of  Patpore,  No.  2,  conmience  from 
Station  c  of  No.  1,  Mahmoodpore,  observe  the  interior  angle 
dca,  and  proceed  round  measuring  the  several  lines  and  keep- 
ing the  village  itself  to  the  leiib-hand,  observing  the  interior 
angles  cab,  abc,  Sic,  and  closing  on  Station  G  of  the  main 
circuit,  observing  the  angle  cGJ;  to  complete  the  interior 
angles  of  th^  polygon,  the  angle  GJe  is  required,  obtainable 
by  deducting  the  angle  eJA  of  No.  1,  Mahmoodpore,  from  the 
main  circuit  angle  GJA,  and  also  the  angles  Jed  and  edc, 
obtainable  by  reversing  the  angles  deJ  and  cde  in  the  adjoin- 
ing village.  No.  1. 

For  the  survey  of  Na  3,  or  Jehanabad,  commence  at  Station 
a,  of  No.  1,  Mahmoodpore,  observe  the  interior  angle  baa  and 
proceeding  round  through  the  Stations  a,  b,  c,  d,  as  before,  close 
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the  Burvey  of  the  village  on  Station  a  of  No.  2,  Patpore,  observ- 
ing the  interior  angle  doc  ;  to  complete  the  interior  angles  of 
this  polygon,  the  angles  acb  and  cba  are  required,  tlie  former 
is  obtained  by  taking  the  sum  of  the  two  angles,  dca  of 
No,  2,  Patpore,  and  bed  of  No.  1,  Mahmoodpore,  and  de- 
ducting it  from  360%  leaving  the  angle  acb  for  No,  3,  Jehanar- 
bad,  and  the  latter,  bj  deducting  the  angle  abc  of  Ko.  1, 
Mahmoodpore,  from  360",  leaving  the  angle  cba  of  No.  3, 
Jehanabad. 

In  this  manner  are  the  angles  obt^ed  from  adjoining  vil- 
lages, to  complete  the  angles  of  the  village  under  survej,  so  as 
to  meet  the  required  proof,  and  it  is  of  actual  necessity,  that 
vrhen  once  angles  are  corrected  for  a  village  the  outward 
angles,  or  the  sum  of  any  two  at  a  triple-boundary  Station  de- 
ducted Bcom  360",  must  he  taken  to  the  minute  tor  the  adjoin- 
ing village,  otherwise  the  azimuths  of  the  several  lines  in  the 
adjoining  villages  would  differ,  which  for  the  general  proof 
and  accuracy  of  the  work,  it  is  incumbent  that  they  should 
not 

The  Station  lines  are  measured  at  the  same  time  that  the 
angles  are  observed,  and  they  are  also  common  to  the  village 
imder  survey,  as  well  as  to  the  adjoining  village.  For  instance, 
the  station  line  Ca,  in  Mahmoodpore,  is  common  to  the  village 
adjoining  it,  Shahpore,  as  also  the  offsets  on  the  line,  defining 
the  boundary  of  Mahmoodpore,  and  consequently  also  that  of 
Shahpore.  The  offset  calculations  are  equally  transferable  by 
reversing  the  sign;  if  the  balance  area  is  plus  for  Mahmood- 
pore it  is  minus  for  Shahpore,  or  vice  versd ;  the  azimuth  of 
the  line  Ca  by  being  reversed  becomes  the  azimuth  of  the 
line  aC  in  Shahpore ;  the  latitude  and  departure  of  the  same 
line  in  Mahmoodpore  is  likewise  applicable  to  Shahpore,  for 
the  distances  on  the  meridian  and  Perpendicular  being  North- 
ing and  Easting  for  the  former  village,  become  Southing  and 
Westing  for  the  latter,  so  that  in  every  village  surveyed,  the 
angles,  bearings,  distances,  and  traverse  calculations,  are  all 
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Eo  much  work  done  fi>r  the  village  itself,  as  well  a^  piece  meal 
for  the  adjoining  yillages  also. 

The  Boundary  common  to  two  villages  should  never  be 
twice  surveyed,  not  only  on  accoout  of  the  extra  work  it 
eut^la,  but  to  prevent  discrepancies  either  in  the  angular 
and  linear  measurements,  or  in  the  offsets  to  the  Boundary 
which  would  probably  arise,  and  cause  much  confusion  in  the 
work. 

In  putting  up  work,  it  is  always  customary  to  enter  jft-rf 
in  the  Traverse  Table,  the  angles,  &c.,  of  the  old  work  of 
adjoining  villages,  commencing  at  the  Station  where  the  new 
work  closed,  and  following  them  round,  until  arrived  at  the 
Station  where  the  new  work  commenced,  and  then  to  enter 
the  angles,  &c.,  of  the  new  work.  Thus,  in  putting  up  in  a 
Traverse  Table  the  three  villages  shown  in  the  plate,  the  Sta- 
tions would  be  entered  as  follows,  for  all  vill^es  adjoining 
them. 


Fob  Mahhoodfose. 

Foe  Paiforb. 

Fob  Jbbikib^d. 

Names  of  Adjoining 
Villages. 

1 

Names  of  Adjoining 

1 

Names  of  Adjoining 
,   Villages. 

1 

Joynuggur. 

/ 
A 
B 

C 
b 

G 
J 

c 
d 
c 

6 

Patpora. 

h 

Mahmoodpore. 

Jebsnabad. 

Shahpore. 

Jehanabad. 

Chandpore. 

Palpore, 

i 
J 

Dhakooryah. 

G 

Manpore. 

d 

Janpore. 
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The  peculiar  method  of  keeping  the  Field-hook  of  the 
angular  ohservations  and  Chain  measurements,  is  of  great 
assistance,  in  ascertaining  the  starting  and  closing  Stations  of 
villages. 

The  Field-book  of  the  three  villages  in  Plate  VL,is  shown  on 
the  next  page;  the  left-hand  colnmn  of  the  Field-book  con- 
taining the  angular  observations,  and  the  right-hand  colomn, 
the  Chain  distances.  Letters  have  been  made  use  of  to  denote 
the  Station  points  for  the  sake  of  explanation,  but  in  the  Field 
this  is  unnecessary;  the  letters  are  generally  added  when 
the  Traverse  of  the  village  is  put  up,  the  Native  Surveyor  in 
the  Field  being  guided  solely  by  the  names  of  adjoining  vil- 
lages for  starting  and  closing  points. 

For  instance,  in  the  surrey  of  Mahmoodpore,  he  notes 
down,  having  commenced  the  survey  at  Z.  165°  40'  of 
main  circuit,  triple-boundary  of  Mahmoodpore,  Shahpore, 
and  Ameerabad,  the  two  main  circuit  distances  being  33.01 
Chains  and  24.68  Chains,  measured  to  and  from  this  Station 
during  the  progress  of  the  main  circuit  Mahmoodpore  being 
the  village  under  survey,  its  name  is  entered  at  the  bottom  of 
the  page  and  also  on  the  left-hand  side  of  the  Field-book, 
the  adjoining  village  being  Shahpore,  is  entered  on  the  right- 
hand  side  and  continued  until  he  arrives  at  the  first  tripl&- 
boondary  where  the  exterior  village  must  of  coarse  change. 
Here  a  line  is  drawn  across  to  the  right,  thus  denoting  the 
Station  a  triple-boundary  one ;  Jehanabad  is  then  entered  as  the 
adjoining  village,  until  arrived  at  the  next  triple-boundary, 
and  drawing  a  line  again  across  his  Field-book,  he  enters  the 
name  of  the  next  adjoining  Village  Patpore,  continuing  this 
on  until  he  closes  on  the  main  circuit,  where  he  notes,  closed 
on  Z.  191°  40'  of  main  circuit,  distances  33.40  Chains  and 
28.60  Chains,  being  the  triple-boundary  of  Mahmoodpore, 
Patpore  and  Joynuggur. 
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Closed  on  L  191*  40"  Mmn  CircniL    Dlst»noe  33.40  and  as.eo. 

S 

CSiGuit. 

Fergh.Iimb;e.|   Sbahporo. 

S76-09 
184-06 
92-03 

J 

.32-04 

-— 

318.S9 

212-ao 

106-10 

4780 

PUpor,. 

249-89 
48-40 

ao3-ao 

d 

33-50 

IBO-90 
187-00 
9S-30 

39-00 

)60'30 
347-00 
17330 

h 

26-50 

Jehwabid. 

62-89 
981-40 
140-30 

40-61 

184-30 
123-00 

ei-sv 
c 

^A.«rab^ 

Survey  of  Village  M&tuDoodpore. 

To  survey  the  Village  of  Patpore,  he  refers  to  the  Vil- 
lage of  Mahmoodpore,  and  finds  that  it  commences  at 
Z.  93°  3i'  of  Mahmoodpore,  being  the  triple-botmdary  of 
Mahmoodpore,  Jehanabad,  and  Fatpore.  Jehanabad  therefore - 
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ia  the  6rst  village  to  his  right-hand,  and  he  continues  on, 
noting  the  names  of  adjoining  villages  and  triple-boundaries, 
untJl  he  closes  on  the  main  circuit  at  Z.  138°  SC.  In  the  same 
manner  Jehanabad  ia  surveyed,  commencing  at  ^  140"  50* 
of  Mahmoodpore,  and  closing  on  Z.  99°  30'  of  Patpore,  and 
so  on,  for  the  survey  of  the  adjoining  villages,  until  all  con- 
tained within  the  main  circuit  are  taken  up. 

The  main  circuit  Field-book  is  kept  in  the  same  manner  as 
the  village  circuit,  with  the  exception  of  the  names  of  villages 
within  and  without  the  circuit,  being  entered  on  each  side  of 
the  columns. 

We  have  before  said,  that  in  ail  survey  operations,  work 
should  always  be  carried  on  from  whok  to  part,  and  never 
from  part  to  whole;  this  is  a  maxim  which  should  always 
be  borne  in  mind,  and  in  the  putting  up  of  work,  carried 
on  under  the  Traverse  system,  it  requires  especial  attri- 
tion; many  Surveyors  are  in  the  habit  of  setting  up  the 
Traverse  of  every  village  as  it  is  sent  in  by  the  Native  Snr- 
Teyor,  proving  and  completing  it  at  once. 

This  method,  unless  the  angular  work  is  done  with  the 
greatest  care,  is  attended  with  some  risk,  for  though  to  all 
appearance  the  villages  may  be  correct,  when  the  work  is 
closed  on  the  opposite  side  of  the  main  circuit,  the  azimuth  of 
the  village  Station  lines  is  sometimes  found  to  differ  several 
minutes  with  the  azimuth  of  the  main  circuit  Station  lines, 
even  at  times  to  ^  and  J  a  degree;  this  is  owing  to  the 
angular  work  of  the  villages  having  been  erroneously  cor- 
rected. The  best  mode  of  setting  up  villages,  so  as  to 
ensure  as  much  accuracy  as  possible,  is  to  put  up  the  angular 
work  of  the  villages  as  they  are  sent  in,  but  to  make  no 
corrections  nor  enter  the  azimuth  of  any  of  the  Station 
lines,  until  some  20  or  30  villages  are 'surveyed;  then 
take  the  exterior  angles  and  Station  lines  of  the  exterior 
villages  contained  within  the  lot,  and  deduce  the  azimuths 
of  these   several  lines  from  a  corrected  azimuth   of  former 
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work,  verifying  it  by  a  junction  on  the  main  circuit  or 
other  proved  work;  this  done,  set  up  the  Traverse  of  the 
exterior  of  these  20  or  30  villages  and  prove  it  in  the  usual 
way,  when  the  errors  of  the  interior  villages  or  circuita  can 
all  be  kept  within  this  circuit  It  is  advisable,  if  the  above 
is  not  attended  to,  to  subdivide  all  main  curaiits,  into  three  or 
four  smaller  circuits,  which  can  very  easily  he  done,  by  taking 
up  the  Station  lines  prepared  for  the  village  circuits,  and 
proving  the  Traverse  of  each  of  these  smaller  circuits,  which 
will  tend  much  to  the  general  correctness  of  the  work  within 
the  main  circuit. 

The  whole  of  the  Village  Circuita  being  thus  represented, 
and  their  peripheries  defined  by  accurate  angular  work,  it 
remains  to  £11  in  all  the  topographical  details  within  these 
small  polygons,  the  Stations  of  which  form  so  many  conve- 
nient bases,  on  which  this  part  of  the  operations  may  be  laid 
down  with  very  great  facility  and  precision.  For  this  duty 
the  instruments  employed  are,  the  Circumferentor,  the  Pris- 
matic, and  the  common  Surveying  Compass,  together  with  the 
Drawing  Board  and  T  Square,  and  it  has  been  found  that 
the  common  Compass  or  Circumferentor,  is  preferable  to  the 
Prismatic  Compass,  which  latter  from  such  constant  exposure 
is  liable  to  get  out  of  order,  the  card  warps  with  the  Sun 
and  atmospheric  changes,  and  in  the  hands  of  Natives  it  is 
not  so  easy  to  use,  or  to  fix  in  a  horizontal  position.  For  topo- 
graphical work  generally,  and  filling  in  triangles  of  any  extent 
the  Plane  Table  (page  115)  is  in  general  use,  and  is  the  best 
contrivance  for  the  purpose, but  fordetails  confined  within  such 
narrow  limits  as  Village  Circuits  it  is  not  necessary,  and  the 
practice  therefore  on  the  Revenue  Surveys  is  to  employ  a 
simple  Drawing  Board  and  T  Square,  (page  226)  which  is  far 
more  portable,  can  be  carried  in  the  hand,  and  with  the  aid  of 
the  common  rectangular  or  circxilar  Protractor  enables  the 
Assistant  to  draw  the  whole  of  the  topography  in  the  Field 
with  great  despatoh,  and  is  peculiarly  suited  for  Native  Agency. 
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Prior  to  commeDcing  this  interior  detail  surrey,  the  Native 
Assistant  is  fumished  with  the  board  containing  all  the 
Station  lines  of  a  certain  number  of  congregated  villages 
drawn  on  the  paper,  and  which  is  mounted  in  the  frame  of  the 
board;  from  8  to  10  polygons,  or  as  many  as  will  conve- 
niently come  on  the  paper,  are  thus  given  out,  leaving  a  small 
space  on  either  side  of  the  paper  for  recording  the  several 
bearings  and  distances,  which  may  be  required  for  replofc- 
ting  the  work  afterwards  and  to  detect  errors,  the  Station 
lines  together  with  the  meridian  line  drawn  completely 
across  the  paper  being  inked  in;  the  T  Ruler  working 
against  the  lower  edge  of  the  board  by  means  of  its  pro- 
jecting head,  forms  paraUels  to  the  given  meridian  at  any 
given  point.  This  line,  however,  represents  the  tnte  meridian 
tai  which  all  the  angolar  work  is  based,  and  as  the  interior 
details  are  filled  in  with  the  magnetic  needle,  it  is  imperative 
before  a  smgle  observation  can  be  reduced  to  paper,  that  the 
variation  of  the  needle  be  clearly  ascertained,  and  this  is  in- 
variably done  by  any  of  the  methods  mentioned  in  Part  V., 
and  recorded  on  the  instrnment  itself,  or  on  the  lid  of  the  box, 
or  other  convenient  place.  If  the  variation  be  Easterly  (as  it 
now  is  in  this  country)  the  bearing  actually  observed  must 
be  increased  by  the  quantity,  before  it  can  be  protracted  on  the 
board,' and  tf  Westerly,  the  variation  must  be  deducted.  Every 
needle  in  use  with  a  survey  will  be  found  to  differ  with  refer- 
ence to  its  polarization ;  all  work  therefore  produced  by  means 
of  this  treacherous  instrument,  must  be  very  care&lly  carried 
on,  due  allowance  being  made  so  as  to  reduce  every  needle  to 
the  same  meridian. 

To  obviate,  however,  the  necessity  of  constantly  adding 
this  quantity  to  the  bearings  taken  in  the  field,  the  meridian 
line  may  so  be  fixed  on  the  board  as  to  preclude  any  addition 
or  subtraction  whatever.  Before  the  Stations  of  the  polygons 
are  pricked  off  on  to  the  board  from  the  ori^al  rough  ofiBco 
protractions,  it  is  well  to  tet  the  merii^n  line  drawn  on  the 
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bqard  by  the  T  Rule,  stand  for  the  magnetic  meridian,  and 
then  to  lay  ofT  the  variation  of  the  compass  to  the  lefir-hand  oi 
fFettward  of  thia  line  (the  variation  being  Easterly)  thus 
giving .  the  direction  of  the  true  meridian,  and  on  this  to 
adapt  the  several  points  of  the  Circnit  Survey  by  fixing 
Uie  true  meridian  line  of  the  original  map,  with  the  true 
one  on  the  Board.  The  whole  of  the  Station  lines  are  thos 
transferred  from  the  &ue  to  the  magjietic  meridian  (with 
reference  to  the  parallels  drawn  with  the  T  Rule)  and  it 
is  only  necessary  to  protract  the  bearing  actually  read  on  the 
compass,  wi^out  any  alteration  whatever. 

For  the  mare  ready  adaptation  of  the  magnetic  to  tiie  true 
azimuth,  on  which  the  lines  of  any  village  in  particular  may 
have  been  calculated,  it  is  only  necessary  for  the  topographi- 
cal detail  Surveyor  to  take  the  hearing  very  carefully  of  any 
of  the  Boundary  Station  lines  &om  which  he  may  commence 
his  work,  and  the  difference  between  this  observed  bearing 
and  the  computed  one,  with  which  he  has  been  furnished  on 
his  board,  is  the  variation  of  the  needle  of  the  instrument 
with  which  he  is  about  to  lay  down  the  details.  This  method 
is  a  very  good  one,  as  the  needles  of  prismatic  and  the 
common  surveying  compasses  are  so  constantly  getting  out  of 
order,  that  the  variation  cannot  be  observed  too  often,  and 
by  taking  this  precaution  the  work  will  be  found  to  plot 
infinitely  better,  and  little  difficulty  will  be  met  with  in  closing 
on  tiie  Stations  on  the  extreme  side  of  the  board.  To  enable 
the  interior  detail  survey  to  proceed  in  this  manner,  it  will  be 
observed  that  the  boundary  operations  must  be  so  far  in 
advance  as  to  permit  of  the  Village  Station  lines  being  plotted 
on  the  large  office  sheets  (or  Chuddars*)  for  transfer  to  the 

*  The  ChHddur  Map  consists  of  a  iheet  of  Imperial  Paper  with  squares  of 
80  Chains  correclly  drawn  on  it,  the  haes  representing  meridiana  and  perpen- 
diculars, and  on  which  all  the  Tillage  Circuits  are  protracted,  and  sererall  j 
Joined  on  or  built  ap,  one  on  the  other,  in  sncceaaien  as  thej  are  surreyed, 
uid  by  which  much  labor  is  saved,  the  sqiwrBS  giiiug  also  a  good  ei 
the  area  thus  inserted,  for  reporting  progresi  monthly. 
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board,  but  this  may  Bometimes  not  be  practicable  (although 
if  the  enxvay  is  properiy  and  sjatematicallj  conducted  this 
part  of  the  irork  will  always  be  brought  up)  in  which 
case  the  board  can  still  be  used  predselj  in  the  same  way, 
the  Native  Surveyor  recording  all  the  Stations  he  meets  with, 
which  can  be  identified  afterwards  with  the  original  skdeton 
plan,  and  inserted  thereon  without  any  difficult,  in  which 
case  the  survey  may  be  plotted  on  tiie  magnetic  meridian,  and 
ail»rwards  when  the  details  are  transferred  to  tiie  Chvddio', 
the  proper  allowance  must  be  made  fer  the  variation  of  the 
compass. 

The  detail  Surveyor  proceeds  to  lay  down  all  the  topo- 
graphical items  to  be  met  with,  in  the  following  manner : 

In  the  Village  No.  1,  Mahmoodpore,  (Plate  VL)  he  com- 
mences by  drawing  a  meridian  line  with  the  T  Rule  through 
the  0  a,  takes  the  Bearing  of  the  O  1  and  measures  toe  ofisets 
on  each  side,  wherev^  any  object  pres^its  itself,  as  shewn 
by  the  dotted  lines,  thence  observing  the  Bearing  of  Q  2, 
proceeds  in  a  sjinllar  mann^,  noticing  where  the  comer  of 
the  village  land  touches  the  line  and  sketching  in  the  tope 
of  trees  tiiere  situated ;  this  last  Bearing  is  protracted  from 
another  meridian  line  drawn  tiirongh  O  1.  From  0  2  he 
proceeds  to  0  3,  and  closes  on  0  c  to  check  the  correctness 
of  his  work,  this  should  never  be  omitted  wherever  prac- 
ticable; starting  again  &om  O  2,  he  observes  the  Bearing 
of  0  4  proceeding  along  the  road,  and  taking  np  the  measure- 
ments of  the  tank  on  the  right-hand  side.  From  O  4,  he 
closes  agun  on  O  e,  and  returning  to  0  4  measures  round  the 
village  land  to  0  5  and  6,  meeting  the  0  2;  proceed- 
ing thence  along  the  road  through  tiie  village  site  to  0  7  he 
closes  on  the  Boundary  Station  b,  taking  np  any  object  of  note 
within  reach. 

In  the  same  manner  the  details  of  the  two  .Villagee  Patpore 
and  Jehanabad  are  filled  in,  following  the  dotted  lines  as  shewn 
in  the  Plate;   not  only  are  the  conspicuous  objects  and  all 
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geograpHcal  items  thus  laid  down,  but  all  iha  different 
doscriptioDs  of  land  separated,  viz.,  cultivation,  waste,  fallow, 
sites  of  Tillages,  and  land  fit  for  caltivation,  the  area  of  which 
being  required  for  setUement  purposes,  is  fonnd  by  triangalar 
Uon  <m  the  map. 

In  Uie  Borvey  of  the  Village  Boandary  Oircait  of  course  a 
great  portion  of  the  details  are  taken  up,  every  tihing  that  comes 
wiUiin  reach  of  an  offset  on  eiUier  side  the  Station  lines,  as  well 
as  by  intersection  from  convenient  points  of  the  polygon,  is 
duly  recorded  in  the  Boundary  Field-book  and  shewn  on  the 
plot  of  the  Village  Circoit,  and  these  items  form  good  checks 
against  any  errois  made  by  the  interior  Surveyor  when  hia 
work  is  compared  with,  and  transferred  to  the  Circuit  map. 

With  such  an  extent  of  Native  Agency  as  is  employed  on  all 
the  Surveys  in  India,  it  ia  a  great  object  to  plot  all  work  in  the 
Field,  it  saves  an  immensity  of  labor,  and  the  chances  of 
accuracy  are  greatly  increased;  by  the  aid  of  the  Drawing 
Board  much  can  be  sketched  in,  and  the  first  impression  of 
a  locality  is  not  lost,  but  at  once  represented  on  the  plan. 
Field-books  kept  by  Natives,  ignorant  of  English,  may  better 
be  imaged  than  described,  it  is  always  difficult  for  any 
Surveyor  to  understand  folly  a  Field-book  kept  by  another 
person,  but  where  novices  on  10  or  15  Bupees  per  mensem 
attempt  to  keep  snch  records,  and  hurry  on  at  the  rulroad 
pace  of  a  Revenue  Survey  in  the  present  age,  we  do  not 
envy  ibe  person  who  has  to  protract  from  them.  The  Native 
Surveyor  who  brings  in  his  Board  well  filled,  displays  at  once 
what  amount  of  work  he  has  done,  and  a  Superintending^ 
Officer  is  able  to  see  at  a  glance,  what  confidence  is  to  be 
placed  on  the  topography  so  defined. 

The  most  intricate  and  laborious  part  of  the  work,  is  the 
Survey  of  the  Village  Boundaries;  these  are  so  tortooos 
and  irr^ular,  in  Bengal  especially,  that  to  lay  them  down, 
the  greatest  care  is  pe<iuired,  and  as  this  is  the  chief  object 
of  the  operations,  it  is  usual  and  highly  desirable  that  the 
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boundaries  should  likewise  be  accurately  pjotted  in  the  Field. 
Indeed  it  frequently  happens  that  these  ofisets  are  so  difficult, 
owing  to  the  extraordinary  bends  and  tarns  in  the  Village 
Boundary,  and  there  being  no  visible  landmarks  or.  hedges 
and  ditches  to  divide  property,  as  in  other  countries,  that 
to  insert  them  in  a  Field-book  only,  would  render  the 
map  liable  to  inaccuracy,  whereas  by  plotting  them  on 
the  spot,  the  eye  at  once  sees  whether  the  turns  and 
bends  on  the  paper  correspond  with  the  marks  as  erected 
on  the  ground,  and  a  comparison  can,  at  the  same  time, 
be  instituted  with  the  rough  sketch  furnished  by  the  Settle- 
ment Officer,  and  any  discrepancy  enquired  into  and  corrected 
on  the  moment 

On  this  account  the  boundary  offtets  demand  much  time 
and  careful  attention,  a  separate  Native  Surveyor  is  therefore 
appointed  for  the  duty.  The  angular  and  linear  measnremeotB 
of  the  Station  lines  of  the  polygon  furnish  the  data  for  the 
traverse  computations  and  are  therefore  urgently  called  for, 
and  the  Sub-Assistant  is  able  to  proceed  ahead  with  merely 
this  skeleton  work :  the  Village  Boundary  then  can  be  taken 
up  by  a  distinct  Assistant,  proceeding  a  httle  in  the  rear  of  the 
Theodolite  party.  Or  it  may  be  left  for  the  interior  detail 
Assistant,  who  has  ample  opportunity  and  leisure  to  perfect 
this  portion  of  the  work ;  the  whole  of  the  Station  lines  of 
the  polygons  beiog  giyen  out  to  him  on  the  drawing  board,  he 
has  only  to  re-ipeasure  the  Station  lines  round  the  village  and 
plot  all  the  oflsets  as  he  advances. 

This  re-measurement  of  the  Station  lines  may  appear  to  in- 
crease the  business,  but  the  advantage  gained  by  careful  and 
correct  boundaries  being  taken  up,  more  than  counterbalances 
the  extra  duty.  This  is  the  practice  on  some  surveys,  whilst 
.  on  others  the  angular  observations  and  boundary  offsets  pro- 
ceed simultaneousty,  tfie  division  of  labor  being  generally 
regulated  according  to  the  peculiar  fancy  of  a  SuTYeyor,  and 
with  reference  to  the  means  at  his  disposal. 
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In  tke  latter  case,  however,  it- is  necessary  to  provide  means 
for  the  protraction  of  the  offsets  on  the  Board  in  the  Field, 
where  of  course  ihe  circuit  linea  of  the  polygon  are  not  pro- 

.J 
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curable,  not  having  yet  been  surveyed.-  For  this  ptirposc 
simple  straight  lines  are  drawn  across  Jhe  Board  at  a  distance 
of  about  20  Chains  from  each  other.  On  these  lines  each 
Station  line  of  the  Polygon  is  marked  off,  and  the  offsets  plot- 
ted on  each  side. ,  Thus,  in  the  above  diagram,  Ca  repre- 
sents the  first  Station  line  of  the  Village  of  Mahmoodpore 
Plate  VI.,  ab  the  next  and  so  on  to  BO,  the  offsets  are 
all  laid  down  on  either  side  by  scale,  and  vrheft  the  par 
pers  are  taken  off  the  Board,  each  separate  Station  is 
applied  to  the  same  point  on  the  circuit  map,  after  it 
has  been  properly  protracted,  by  turning  and  shiiling  the_ 
paper  as  required,  and  the  offsets  either  pricked  or  traced  off; 
each  Ime  i_s  thus  identified  with  its  own  proper  azimuth,  and  .the 
distances  being  the  same,  and  each  following  in  due  snccession. 
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there  is  fio  difBcnlty  whatever  in  transferring  these  o^ts  as 
drawn  in  the  Field,  to  their  Intimate  place  on  the  circuit 
map. 

This  system  is  very  frequently  practised,  as  it  enables  the 
Assistant  to  get  a  great  deal  into  a  small  space,  and  it  is  par- 
ticularly easy  for  Natives,  and  is  dependant  on  no  other  work 
being  ready  before  hand.  As  an  ofBce  document,  also,  it  is 
plain  and  intelligible  for  others  to  make  use  of. 

The  boundary  operations  proceeding  angularly,  the  Bearings 
of  each  line  are  not  att^nable  at  the  moment  without  some 
loss  of  time,  bat  the  relative  angular  measurements  of  each  line 
with  the  other,  can  be  protiracted  on  the  Board  firom  the  angular 
observations  ifnecessary.  Todothis,however,it  reqairesaome 
management  and  foresight  to  keep  the  plot  within  the  limits 
of  the  Board,  and  Native  Assistants  are  apt  to  confttse  this.  The 
method  above  described,  therefore  seems  the  most  preferable 
for  perspicuity  and  despatch. 

The  general  introduction  of  the  geographical  features  of  a 
country,  must  be  provided  for  by  the  many  ways  of  common 
sorveying  already  described  in  different  parts  of  this  work, 
and  the  same  system  or  principles,  must  be  adhered  to,  as  Iwd 
down  in  all  the  English  works  on  the  same  subject.  Practice 
alone  can  fully  develop  to  the  Surveyor  all  the  niceties 
and  peculiar  facilities  for  gaining  the  greatest  amount  of  topo- 
graphical information,  with  the  least  amount  of  labor,  and  by 
a  reference  to  the  several  Plates  and  Diagrams  herein  given 
on  the  subject,  it  is  hoped,  that  with  the  easy  explanations  we 
have  endeavoured  to  append  to  them,  the  reader,  (and  the 
beginner,  for  whose  especial  use  this  work  has  been  prepared,) 
will  find  no  difficulty  in  applying  the  theory  to  practice,  when 
he  is  placed  in  the  Field  and  left  to  his  own  resources. 

In  sketching  hiUy  ground,  great  care  and  superior  Judgment 
are  necessary.  Small  ranges  of  hills,  when  met  with,  generally 
form  the  boimdary  of  some  pergonnah  or  other  local  subdivi- 
sion, and  thereibre  come  under  the  immediate  cognizance  of  the 
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Surveyor  or  Mb  European  Assistants,  and  are  properly  int^^ 
Bected  and  lud  dowB  hj  triangulation,  in  connectioii 
with  the  angular  work  of  the  main  circiut  This  duty 
should,  on  no  acconnt,  be  entrosted  to  anj  Native  Assist- 
ants who  are  only  qualified  to  follow  a  simpte  roatine  conrse, 
which  has  been  dttly  pr^>ared  and  marked  out  for  them,  and 
who  perform  mechanical  duties  very  well,  without  understand- 
ing the  reasons.  Unless  the  Surveyor  himself  is  caxefiil  to 
superintend,  personally,  this  the  most  difficult  part  of  his  ope- 
rations, the  ^thfiilness  and  s^le  of  his  general  maps  will  be 
inevitably  damaged.  The  operation  of  sketching  the  features 
of  ground,  cannot  be  rendered  intelligible  by  description  alone, 
nothing  but  a  matured  judgment  and  experience  on  the  part 
of  a  Surveyor,  will  enable  him  to  attain  to  any  degree  of  accu- 
racy in  this  respect  We  defer  all  remarks  on  the  shading 
and  delineation  of  hills  for  another  chapter. 
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CHAPTER   XIV. 


On  Route  Sueveting  and  Mihtaet  Reconnoissance. 

Route  Snrreya,  althoogh  they  do  not  come  under  the  head 
of  scientific  or  accurate  works,  can,  however,  be  made  to 
approximate  so  near  the  truth,  as  to  become  very  nsefiil  in 
filling  in  the  topography  of  countries  that  have  not  come 
nnder  more  detailed  operations. 

Military  Reconnoissance  may  be  siud  to  form  a  part  of  Route 
Surveying,  for  the  latter,  in  a  military  point  of  view,  won^d  be 
of  little  use  without  the  former,  and  a  sketch  of  the  country 
combined  with  an  explanatory  statistical  report,  constitutes 
what  is  called  a  Military  Reconnolssance,  and  in  which  the 
importance  of  the  sketch,  or  the  report  predominates  according 
to  circumstances. 

This  duty  is  generally  performed  in  India  by  the  Quarter 
Master  General's  Department,  but  opportunities  are  numer- 
ously afforded  to  many  other  Officers  in  this  country  of 
obtaining  information  of  various  kinds,  which  might  be  even- 
tually useful  to  the  Government,  in  one  way  or  other. 

"  The  object  for  which  any  reconnoissance  is  undertaken, 
naturally  suggests  the  points  to  which  the  attention  of  the 
Officer  should  be  principally  directed ;  if,  for  example,  it  is  , 
merely  to  determine  the  best  line  of  march  for  troops  through 
a  friendly  or  undispnted  country,  the  state  of  the  communica- 
tions, the  facilities  of  transport,  and  possibility  of  provisioning 
a  stated  number  of  men  upon  the  route,  are  the  first  objects 
for  his  consideration.     If  the  ground   in  question   is  to  be 
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occupied  either  permanently,  or  for  temporary  pnrpoBeB,  or  if 
it  ia  likely  to  become  the  seat  of  war,  hia  attention  must  be 
directed  to  its  military  features ;  and  a  aketch  of  the  ground, 
with  explanatory  references,  together  with  a  full  and  correct 
report  of  all  the  intelligence  he  can  collect  from  obaeryation, 
or  from  snch  of  the  inhabitants  as  are  most  likely  to  be  well 
acquainted  with  the  localities,  and  most  worthy  of  credence, 
will  demand  the  exertion  of  all  hia  energies ;  upon  the  correct 
information  lumished  by  thia  reconnoissance,  may  depend,  in  a 
great  measure,  the  fata  of  the  army,"  • 

Despatch  and  simplicity  of  execution  are  the  great  things  to 
be  aimed  at  in  a  military  sketch,  and  although  the  greatest 
possible  accoracy  may  not  be  absolutely  necessary,  yet  every 
precaution  should  be  taken  as  far  as  circumstances  will  admit. 
Its  objects  being  so  diSerent  from  the  more  operose  surveying, 
the  shortest,  easiest  and  moat  certain  methods  of  practice  will 
ever  be  entitied  to  the  greateat  attention. 

The  principles  of  military  sketching  cannot  differ  essentially 
from  those  of  Surveying ;  they  both  consist  in  determining  the 
sides  and  angles  of  real  or  imaginary  figures  upon  the  surface 
of  the  earth :  these  can  always  Be  resolved  into  triangles, 
by  means  of  which  we  lay  down  these  figures  upon  paper 
to  any  required  scale.  But  the  pnu^ice  differs  very  con- 
siderably, and  it  is  for  this  reason  that  they  are  called  sketches 
rather  than  surveys,  because  so  much  of  them  ia  usually  done 
by  the  eye,  instead  of  being  a  continued  series  of  angles  and 
measured  lines,  as  in  the  more  elaborate  surveys.  Many 
instrum«its  have  been  contarived  for  military  sketching,  each 
of  which  has  some  advantage  peculiar  to  itself,  but  the  prismar- 
tic  compass  and  pocket  sextant,  as  described  in  pages  110  and 
136,  appear  to  be  the  best  adapted  for  the  kind  of  work. 
To  tiiese  must  be  added  a  case  of  leather  to  hold  the  sketches, 
and  an  ivory  protractor  together  with  a  pencil,  and  which  are 

•  frome  on  Siurejine. 

2  X 

n,g,t,7l.dM,GOOglC 


354 

generally  contained  in  the  sketching  case,  to  lay  down  the 
angles  and  the  distances. 

One  of  the  most  essential  things  to  be  acquired,  is  that  of 
judging  distances  with  accnracy ;  upon  this  every  thing 
depends  in  a  hafity  sketoh,  where  instrumenta  are  sparingly 
used  or  excluded  altogether,  a  few  days'  practice  will  enable 
an  Officer  to  estimate  with  tolerable  accuracy,  the  length  and 
average  qoickness  of  his  ordinary  pace,  as  also  that  of  hia 
horse,  as  on  a  rapid  reconnoissance  he  mast  necessarily  be 
mounted,  and  the  habit  of  guessing  distances,  which  can 
-  afterwards  be  verified,  will  tend  to  correct  his  eye. 

An  easy  mode  of  judging  distances  is  by  marking  on  a  scale 
or  pencil,  held  at  some  fixed  distance  firom  the  eye,  the  appa- 
rent diameter,  or  height,  at  different  measured  distances 
of  any  objects,  the  dimensions  of  which  may  be  considered 
nearly  constant,  such  as  the  average  height  of  a  man,  a  house 
of  one  or  two  stories,  &c,  will  furnish  suitable  standards. 

"  The  degree  of  accuracy  of  which  a  mihtary  sketch  is 
susceptible,  depends  upon  the  time  that  can  be  allowed,  and 
the  means  that  may  be  at  hand.  If  a  good  map  of  the  coun~ 
try  can  be  procured,  the  positions  of  several  conspicuous 
points  can  be  taken  from  it  and  laid  down  on  the  required 
scale ;  or  a  rough  base  may  be  measured,  carefully  paced,  or 
obtained  &om  some  known  distance,  and  angles  taken  with  a 
pocket  sextant  or  other  instrument  from  its  extremities,  to 
form  a  tolerably  accurate  species  of  triangulation,  which  may 
be  laid  down  without  calculation,  and  within  this  the  detail 
can  be  sketched  more  rapidly,  and  with  far  more  certainty 
than  without  such  assistance.  No  directions  that  can  possibly 
be  given  will  render  an  Officer  expert  at  this  most  necessary 
branch  of  hia  profession,  as'  practice  alone  can  give  him  an 
eye  capable  of  generalizing  the  minute  features  of  tlie  ground, 
and  catehing  their  true  military  character,  or  the  power  of 
delineating  them  with  ease,  rapidity  and  c 
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The  adjoining  Plate  represents  the  form  of  a  Report  extracted 
from  "  Major  Jackson's  Course  of  Military  Surreying" ;  and 
whicli  should  accompanj  all  Route  Surveys.  This  form  was 
drawn  up  by  Major  Hector  Straith,  late  Professor  of  Fortifica- 
tion, at  the  Honorable  Company'a  Military  Seminary  at 
Addiacombe.  It  is  the  result  of  his  own  observations  when 
serving  in  India,  and  is  well  suited  to  the  purpose. 

The  limits  of  this  work  will  not  admit  of  our  pursuing  this 
interesting  subject  any  further,  but  the  following  memoranda, 
esitracted  from  the  same  work,  which  are  nearly  a  transcript  of 
those  issued  by  Sir  George  Murray  for  the  guidance  of  the 
OEGcers  of  the  Quarter  Master  General's  Department,  during 
the  Peninsolar  War,  will  serve  to  point  out  the  principal  objects 
to  which  an  OfiScer  employed  in  the  important  duty  of  recon- 
noitring, should  direct  his  attention. 

He  must  seek  to  acjoire  a  good  general  knowledge  of  the 
Country  upon  which  be  is  to  report,  regarding  its  natural  and 
political  divisions,  and  principal  features.  He  will  then  go 
into  detail,  dividing  the  sabject  into  different  heads,  as : — 

L  The  pecuUar  nature  of  each  district  of  country,  and  itt 
productums. 

Particularizing  what  parts  of  it  are  mountainous  or  hilly, 
and  what  are  level :  whether  the  Mlb  are  steep,  broken  by 
rocky  ground,  rise  by  gradual  and  easy  slopes;  or,  if  the 
ground  ia  undulated  only  in  gentle  swells.  Whether  the  con- 
nexion of  the  high  lands  is  obvious  and  continued,  or  if  the 
heights  appear  detached  from  each  other.  In  what  directions 
the  ridges  run,  and  which  are  their  steepest  sides.  The  nature 
and  extent  of  their  vallies,  and  ravines — -where  they  originate, 
in  what  directions  they  run,  whether  difficult  of  access,  or  t» 
be  easily  passed. 

Whether  the  country  is  barren  or  cultivated,  and  what  is 
the  kind  of  cultivation — whether  vines,  or  olives,  or  com;  and 
if  the  latter,  what  kinds  of  corn  are  grown,  and.  in  what  parts 
it  is  most  abundant     If  a  country  of  pasturage,  whether  it  is 
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grued  by  catde,  by  sbeep,  or  by  horses,  and  in  what  niini- 
bers — what  parts  of  the  country  are  open,  and  wbat-are  enclos- 
ed, and  Ha  description  of  the  enclosnres-~-whether  small  or 
eztensive,  formed  by  stoiw  walla,  ditches,  hedges,  or  fences  of 
any  other  kind.  What  parts  of  the  country  are  wooded,  and 
whether  with  grown  timber,  or  coppice  wood ;  and  with  what 
species  of  trees — what  the  nature  of  the  soiL 

What  is  the  nature  of  the  country,  in  reference  to  the  oper- 
ations of  troops — what  parts  of  it  are  favourable  for  the  acting 
of  cavalry,  and  what  for  infantry  only. 

IL     The  rivera  and  minor  streams,  and  canals. 

The  sources  of  rivers,  and  the  direction  (^  their  coarse— 
whether  they  are  rapid  or  otherwise ;  their  breadth  and  depth, 
and  what  variations  they  are  subject  to,  at  different  seasons  of 
the  year — the  nature  of  their  channels  and  of  their  bants— 
whether  rocky,  gravelly,  sandy,  or  muddy — of  easy  or  of 
difficult  access :  the  bridges  across  them — whether  of  stone  or 
of  wood ;  their  breadth  and  length ;  if  accessible  to  artillery, 
and  capable  of  bearing  its  weight  The  nature  of  the  fords,  if 
always  passable,  or  at  certain  times  and  seasons  only — ^whether 
their  situations  change.*  What  rivers  are  navigable,  and  &om 
Mid  to  what  points,  and  by  what  description  of  vessels  or  boats. 
The  ferries — their  breadth,  and  the  nature  of  the  landing  place 
on  each  side ;  what  description  of  boats  are  used  at  them — how 
many  men,  horses,  or  carriages,  each  boat  Is  capable  of  con- 
veying— ^how  much  time  the  passage  requires,  and  in  what 
manner  it  is  performed.  Canals — ^their  course,  breadth  and 
depth;  the  nature  of  the  traffic  carried  on  upon  them — the 
nomber  of  boats  usually  to  be  found  at  different  places,  and 
the  nature  and  dimensions  of  the  boats ;  also,  whether  they  are 
tracked  by  men  or  horses,  or  how  otherwise  navigated.  Lakes 
and  inleti  of  the  sea— their  situation,  extent,  and  boundaries ; 


*  A  fori  ibonld  not  exe««d  in  d^th  3  Ceet  for  infantry,  4  feet  for  uralrj, 
Hid  si  feet  for  •rtilkry. 
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what  deiscription  of  vessels  can  navigate  them,  &&,  together 
with  sach  of  the  above  observations  as  are  applicable  to  them. 
Marshes — theor  mtoation  and  extent — whether  passable  Ear 
troops  in  any  part ;  and  if  they  continue  thronghout  the  j&a, 
or  exist  only  daring  the  wet  season. 

IIL  Ibpttlatiott,  resources,  accommodation  for  troops,  §■(?. 
The  size  of  towns  and  villages,  and  the  namher  of  their 
inhabitants ;  and  whether  well  supplied  with  provisions,  or  not 
The  number  of  honses,  as  idso  of  churches,  convents,  or  other 
pablic  buildings — whether  the  houses  are  large  and  commodi- 
ous, or  small  and  mean — ^what  number  of  troops  could  be 
accommodated  in  private  houses,  and  what  in  public  buildings, 
what  stabling  there  is,  or  other  cor^  for  horses — if  the  town 
is  walled  or  open,  favourably  utoated  for  defence,  or  other- 
wise— if  capable  of  being  strengthened,  and  by  what  means. 
Similar  observations  in  regard  to  detached  convents,  gentle- 
men's seats,  farms,  and  other  separate  baildings.  Plans  or 
sketches  of  walled  towns,  defensible  villages,  or  detached 
baildings,  shonld  always  accompany  the  reports  npon  them. 
The  number  of  carriages,  horses,  mules,  or  draught  oxen,  in 
possession  of  each  town,  village,  or  farm,  should  be  stated ;  and 
what  is  the  general  means  of  conveyruice  made  use  of  in  the 
country — what  mills  exist  in  the  town  or  vicinity,  and  whetfier 
turned  by  wind  or  water ; — ^the  bake  houses,  and  quantity  of 
bread  they  can  produce  in  a  ffvea  time ;  whether  the  place  is 
unhealtliy,  or  not ;  if  it  be,  whedier  it  is  in  general  nnhealthy, 
or  only  so  at  particolt^  seasons. 
IV.     Roads. 

Farticnlar  information  must  be  obtained  respecting  the  roads, 
in  the  description  of  which  it  is  impossible  to  be  too  minute ; 
the  general  nature  of  each  road,  as  also  all  the  variationB  which 
occur  in  it,  Irom  distance  to  distance,  should  be  accurately 
described — whether  the  road  has  been  regularly  made,  or 
appears  to  have  been  formed  only  by  the  use  of  the  people  of 
the  country ;  whether  it  is  fit  for  artilleiy,  or  practicable  for 

n,g,t,7l.dM,COOglC 


any  description  of  wheel-carriage ;  for  cavalry,  or  for  iniantry 
only— over  what  description  of  soil  it  passes ;  whether  rocky, 
or  gravelly;  sandy,  clayey,  or  earthy;  and  to  what  injuries  it 
is  liable  in  bad  weather ;  whether  it  is  easily  repairable  or  not^ 
what  materials  are  requisite  for  that  purpose,  and  wheth» 
they  are  to  be  found  in  the  neighbourhood ;  whether  any  bad 
parts  of  the  road,  or  the  narrow  and  embarrassed  streets  of  any 
of  the  towns  or  villages,  can  be  avoided,  by  going'  oat  of  the 
road  for  a  short  distance;  as,  also,  whether  any  great  improve- 
ment could  be  made  in  the  general  direction  of  any  part  of  the 
road,  by  adopting  a  new  Ime  altogether,  for  a  considerable 
distance ;  and  what  work  is  necessary  in  either  of  these  cases. 
Particular  attention  should  be  paid  to  the  ascents  and  descents 
upon  the  road ;  whether  they  are  gradual  and  easy,  or  abrupt, 
rn^ed,  or  stony,  having  short  turns  or  other  difficulties ;  whe- 
ther the  road  is  wide  enough  in  those  parts  which  go  along  the 
eide  of  a  hill,  and  whether  it  is  even,  or  is  canted  otf  the  level, 
80  as  to  be  unsafe  for  carriages.  In  those  parts  where  the  road 
passes  between  walls,  or  where  it  forms  a  hollow  way  between 
banks  of  earth,  rocks,  or  other  obstacles,  its  breadth  ought  to 
be  measured,  and  it  should  be  remarked  also  whether  it  can 
be  widened,  or  the  obstacles  removed  which  confine  it  The 
ferries,  bridges,  fords,  &c.,  met  with  upon  the  road,  should  be 
particularly  described ;  the  possibility  of  obstructing  or  break- 
ing up  the  road,  so  as  to  prevent  its  being  used  by  the  enemy ; 
or  of  destroying  the  bridges  or  fords  upon  it,  should  be  stated. 
The  means  of  effecting  these  objects  should  be  pointed  out;  as 
also  the  labour  and  time  requisite  for  such  a  work.  The  dis- 
tances of  the  places  along  the  road  should  be  given,  both  in  the 
measures  of  the  country,  and  in  English  miles,  averaged  as 
accurately  as  possible.  The  time  required  to  travel  the 
different  distances,  (at  the  ordinary  walk  of  a  man,  or  of  a 
horse)  should  also  be  atatod.  The  places  to  the  right  and  left, 
near  the  road  should  be  mentioned;  their  distances  from  the 
road,  and  at  what  points  the  conununications  to  them  strike  off. 
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Whether  there  are  any  rulroads,  and  what  facilities  they  offer 
for  the  rapid  transport  of  troops,  artillery,  provisions,  &c. 

Care  must  be  taken  that  the  names  of  towns,  villages,  rivers, 
&e.,  are  spelt  in  the  same  manner  as  by  the  natives  of  the 
country,  and  when  the  spelling  and  the  pronunciation  differ 
very  much,  the  name  should  also  be  written  (in  a  paxeuthesb) 
as  it  is  pronounced. 

V.     Camps  and  Positions. 

All  strong  passes,  posts,  or  more  extensive  positions,  which 
present  themselves  either  upon  the  line  of  a  road,  or  in  any 
odier  sitoatjcoi ;  as  also  all  places  &vonrable  foe  encamping  or 
bivooactng  troops,  either  with  a  view  to  position,  or  with 
reference  merely  to  convenience  upon  s  march,  should  be  par- 
ticularly described — their  situation,  extent,  facility  of  access, 
nature  of  soil,  supply  of  water  at  all  seasons,  quantity  and  kind 
of  wood,  and  whether  in  sufficient  abundance  for  hutting  the 
troops,  or  only  for  fiirnishing  fuel.  A  sketch  of  the  ground  upon 
a  pretty  large  scale,  should  always  accompany  these  reports.* 

In  all  reports,  officers  should  state  distinctly  what  parts  of 
the  information  they  contain  rest  upcm  their  own  personal 
examination  of  the  objects  in  question,  and  what  upon  the 
authority  of  others ;  and,  in  the  latter  case,  they  should  men- 
tion the  source  of  their  information,  in  order  that  a  judgment 
may  be  formed  of  the  degree  of  credit  to  which  it  is  entitled. 

Sketches  of  the  above  character  may  be,  and  frequentiy  are 
rendered  extremely  useful,  when  time  and  opportunity  per- 
nut  nothing  better,  but  in  India  where  such  vast  tracts  of 
country  are  almost  totally  unexplored,  the  Officers  of  the 
Engineer  and  Quarter  Mastw  Creneral's  Department,  are 
constandy  employed  in  time  of  peace  in  performing  Route 
Surveys  which  partake  of  a  higher  order,  and  are  carried  on 

*  Sketcbe*  of  posilions  should  never  be  made  upon  a  smaUer  Male  than  four 
inches  to  on  English  mile.  More  general  sketches  taaj  be  made  upon  a  icale 
of  (wo  inches  to  •  mile,  and  traaings  of  roads  upon  a  scale  of  one  JDob  to  a 
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with  good  instrnments,  and  iu  the  absence  of  all  trigonome-' 
trical  closiDg  points,  are  checked  by  astronomical  observations 
made  with  a.  reflecting  orde  or  sextant,  and  an  arti6cial  horizon. 

These  sorveys  form  onr  first  geographical  knowledge  of  all 
new  coontri^,  which  are  either  annexed  to,  or  mider  ths  pro- 
tection of  British  role.  It  therefore  is  of  the  greatest  impoi^ 
tance  that  thej  be  conducted  with  some  aort  of  system,  that 
the  materials  may  he  compiled  and  pnt  together  in  such 
a  way,  as  to  be  naefol  in  a  general  mapi  It  will  not  do  to 
commence  from  the  peg  of  yonr  tent  or  other  indefinite  object ; 
erery  route  should  start  from  a  fixed,  and  well  known  per- 
manent point  of  departure,  and  close  on  similar  objects,  such 
as  temples,  mosques,  puckha  bnildings  or  churches.  This  point 
of  departure  should  be  fixed  either  trigonometrically  tx  astro- 
nomically, and  if  no  snch  points  are  available  at  the  time,  tiiey 
ought  to  be  fixed  as  soon  after  as  possible.  If  bits  here 
and  there  are  surveyed  indiscriminately,  without  points  of 
departure  and  closure,  and  without  connection  with  themselves 
or  vrith  other  people's  work,  gaps  here  and  overlapping  there, 
nothing  but  confusion  can  ensue.  If  in  a  campaign  or  line  of 
march,  the  Surveyors  start  in  the  dark,  and  do  not  snrvey  until 
the  day  dawns,  all  the  ground  traversed  in  the  mterim  becomes 
an  hiatus ;  then  a  route  may  be  measured  with  vast  accuracy, 
angles  repeated  and  the  greatest  refinement  observed,  until 
the  sun  gets  hot,  when  the  survey  stops  in  the  middle  of  the 
road,  and  the  Surveyor  gallops  home. 

In  this  way  many  maps,  of  recently  explored  tracts,  have  been 
constructed,  partly  by  guess  and  partly  by  measorement ;  to 
practical  Sxureyors,  this  may  appear  absurd,  but  such  things, 
nevertheless,  have  been  done. 

The  stiqile  commodity  for  route,  or  Road  Surveyorn,  is 
the  perambulator.  A  few  words,  therefore,  regarding  this  most 
useful  and  necessary  instrument,  will  not  be  out  of  place. 
In  the  first  place,  all  English  perambulators  should  bo 
condemned  in  toto,  they    are  flimsy,  bad  in   principle,  and 
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incapable  of  working,  except  on  a  smootli  road  or  bowling 
green,  across  country  they  go  to  pieces  in  a  mile  or  two. 
There  is  nothing  like  the  Madras  pattern  principle  of  the 
endloBS  screw  and  differential  plates.  The  large  Madras 
perambolator,  (page  107,)  howeTor,  has  two  &iilts,  the  wheel 
is  not  BofScientlj  strong,  and  it  is  graduated  to  furlongs  and 
yards,  which  is  unscientific  Colonel  Wangh's  10  mile  penun- 
bolator,  (page  109,)  with  decimal  scale,  is  a  very  handy  and 
accurate  implement,  and  wiU  stand  any  hard  usage;  the 
wheel  is  constructed  on  gun-carriage  principles,  and  the  tire 
of  strong  iron  is  put  on  hot,  and  chilled  on  tight,  so  that 
the  structure  is  firm  in  the  extreme.  The  Surveyor  Creneral 
of  India  has  also  invented  an  instrument  running  20  miles  on 
the  same  principle  and  graduated  decimally,  which  is  much  ap- 
proved of;  the  errors  of  perambulators  should  always  first  be 
tested  by  running  them  along  one  or  two  sides  of  a  lai^e  triangle 
of  the  Trigonometrical  Survey  and  comparing  the  values. 

We  have  already  described  (page  251)  the  usual  me- 
thod of  surveying  a  road,  commonly  called  traversing; 
tbe  same  system  precisely  preva£B  for  the  illustration' 
of  the  det^ls  on  any  line  of  country  through  which 
it  may  be  required  to  carry  a  road,  canal,  or  the  like,  and  of 
which  the  general  line,  or  the  difierence  of  latitude  and  lon^- 
tode  of  various  points  is  sought,  care  being  taken  to  adopt  as 
many  checks  as  possible  during  the  progress  of  the  survey  to 
prevent  errors,  viz.,  by  different  parties  running  independent 
routes  and  closing  on  each  other's  work  every  day,  or  by 
reverse  op^^tions,  and  by  intersections  at  every  convenient 
station;  for  the  several  bearings  on  the  same  object  should,  in 
the  plotting,  meet  at  a  common  point  of  intersection.  These, 
and  astronomical  observations,  are  the  only  means  by  which  a 
route  surrey  can  be  checked.  The  method  of  plotting  a 
survey  or  that  of  protraction  by  co-ordinates,  has  already  . 
been  shown  (page  287,)  and  the  manner  of  adapting  this  for 
routes,  cannot  be  better  expluned,  than  by  transcribing  an 
excellent  example  from  Capttun  Boileau's  Traverse  Tables. 
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"  The  annexed  Table  contains  an  extract  from  a  snirey,  hy 
myself,  of  the  road  between  Hatbas  and  Babeillt,  in  the 
N.  W.  Provinces  of  the  Bengal  Preiidencyj  made  in  the  year 
1836,  and  will  serve  to  illustrate  the  application  of  the  Tables 
(Note  page  289)  to  this  kind  of  work.  The  first  column  refers 
to  the  numbers  of  the  stations ;  the  second,  the  names  of  the 
villages  or  towns  immediately  contiguous  to  the  lines,  or 
through  which  they  may  pass,  and  prevents  the  necessity 
of  frequent  reference  to  the  Field-book ;  in  the  tiiird  column 
are  entered  the  true  bearings  as  registered  on  the  limb  of  the 
theodolite,  i.  e.,  the  observed  magnetic  bearing,  corrected  for 
the  variation  of  the  compass ;  columns  four  to  the  end  are,  in  all 
respects,  similar  to  those  in  &.e  Table  (page  301)  and  are  filled 
up  as  directed  for  them. 

"  The  diflerences  of  latitude  and  the  departures  in  the  colnnm 
of  remarks  entered  agdnst  the  last  Station  in  each  series,  are 
Cfmiputed  from  Table  (C)  in  the  Appendijc,  and  serve  to 
determine  the  relative  geographical  position  of  those  Stations 
with  reference  to  the  first,  or  to  any  other  Station  in  the  series. 
The  positions  of  places  in  maps  are  determined  by  similar 
entries,  and  are  set  off  by  scales  of  minutes  and  seconds  irom 
meridians  upon  parallels  of  latitude,  in  the  same  manner  as  the 
Stations  in  the  adjoining  diagram  were  by  scale  of  miles  and 
parts.  Thus,  if  it  were  required  to  lay  down  the  position  of 
Dnriapoor  in  a  map  of  India,  the  latitude  and  longitude  ol 
Hatras,  the  first  Station  in  ^e  sorvey  being  known,  it  would 
be  done  in  the  following  manner : 

HAM48,     ...  Lat.  N.  2r  36'  00"  Long.  E.  78'  04'  00* 

Duriapoor, ...  djff.    Lat  N.         02   494  diff.  Long.    E.        04  0108  . 


Durispoor,  .„  ttne  Lrt.  N.  27   38    49-4  true  Long.  E.  78"  08   61-08 


"  With  the  true  latitude  and  longitude  so  found,  the  position 
of  the  village  would  be  fixed  by  the  intersection  of  co-ordinates 
firom  the  nearest  meridian  and  parallel  of  latitude  oif  the 
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map,  and  the  position  of  any  other  point  or  place  in  the 
snrvej  would  be  laid  down  in  a  Bimilar  manner." 

For  the  pnrpoae  of  finding 
the  eqmTalent  valoes  of  latitude 
and  lon^tnde  in  arc,  i,  e.,  ia 
degrees,  minntea  and  seccmdB, 
from  the  Tabular  traverses  ex- 
pressed in  nnits  of  linear  mea- 
sure. Table  (C)  in  the  Appendix 
is  ^Ten,  and  the  following  re- 
marks, to  exemplify  the  process 
in  performing  this  reduction,  , 
and  the  principles  on  which 
such  reductions  de^iend,  are 
likewise  borrowed  from  the 
same  author. 

"  In  the  explanation  of  the 
'  adaptation  of  Traverse  Tables  to 
Burreying,  the  surface  of  the 
earth  witUn  the  limits  of  each 
set  of  operations,  has  been  con- 
sidered as  a  plane,  and  the 
meridians  as  parallel  straight 
lines;  the  relative  lengths  of 
the  distance,  difierence  of  lati- 
tude, and  departure,  have  been 
stated,  not  only  to  be  accurately 
e^resaed  by  the  three  sides  of 
a  right-angled  plane  triangle, 
bat  to  be  truly  projected  by  the  construction  of  that 
triangle  upon  the  map;  both  of  these  statements  are,  con- 
formably with  the  hypothesis,  strictly  true,  and  boundary  sur- 
veys, or  indeed  maps  of  small  extent,  may  be  projected  with  suffi- 
cient accuracy  for  all  practical  purposes  by  the  rules  given  in 
the  text     In  route  surveys,  diso,  where  the  general  line  lies 
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near  to  a  meridian  or  parallel  oF  latitude,  the  results  so  obtain- 
ed approximate  very  nearly  to  the  tenth ;  but  where  a  con- 
siderable extent  of  country  has  to  be  mapped,  or  where  the 
general  line  of  a  survey  traversing  the  meridians  at  an  obliqne 
angle  has  to  be  r^resented,  we  are  compelled  to  abandon  our 
hypothesis, — the  convergence  of  the  meridians  being  sensible 
in  extensive  maps  on  any  part  of  the  earth's  snriace,  but  in  a 
much  greater  degree  in  the  higher  latitudes  than  near  to  the 
equator :  thereftnre,  while  we  may  still  consider  each  individual 
Station  to  be  correctiy  projected  by  the  intersection  of  co-ordi- 
nates from  the  nearest  meridian  and  parallel  of  latitude  on  a 
map,  if  we  only  take  the  necessary  precaution  in  the  field  of 
c(aTecting  oar  bearings,  whether  true  or  magnetic,  by  observa- 
tion, as  often  as  the  inclination  of  the  meridians  becomes 
sufficient  to  require  it  to  be  done, — still,  a  correction  will  be 
necessary  to  convert  the  departure  between  any  two  distant 
Stations,  as  obtained  by  the  Travene  Tables,  into  the  equivalent 
difference  of  longitude  tn  arc  between  the  same  places.  A 
similar  correction  would  be  necessary  in  the  Tabular  differences 
of  latitude,  but  that  the  variation  in  the  length  of  those  degrees 
of  latitude  lying  near  to  each  other  is  so  small  as  to  be  in- 
capable of  representation,  excepting  in  maps  of  very  large 
scale,  and  extending  over  great  portions  of  the  earth's 
surface. 

"  To  obtain  the  difference  of  latitude  and  the  departure  for 
any  bearing  and  distance,  with  perfect  accuracy,  by  the  Traverse 
Tables,  it  is  essential  that  the  distance  should  be  an  oblique 
rhomb  line ;  l  a,  a  portion  of  a  spiral  cutting  all  the  meridians 
over  which  it  passes  at  the  same  angle ;  but  where  the  lines  are 
BO  short,  as  in  8  survey  is  generally  the  case,  the  difference  be- 
tween the  lengths  of  a  straight  line,  a  circular  arc,  or  a  rhomb 
line,  drawn  between  any  two  Stations,  is  inappreciable,  and  we 
may  therefore  consider  our  Station  lines  as  so  many  rhomb 
lines;  and,  consequentiy,  the  difference  of  latitude  and  the 
departures  between  any  two  distant  places,  as  deduced  from  the 
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intermediate  lines  in  a  sarrej,  to  be  the  same  as  if  it  hfid  been 
obtfuned  from  a  rhomb  distance  measured  between  those  places. 
"  The  departure  and  diflerence  of  longitade  have,  in  tiie  mles 
given  for  applying  tlie  Traverse  Tables,  been  considered  as  id«i- 
Ucal ;  and  this  also,  conformably  frith  the  hjpothesia  above- 
menttoned,i8  strictly  the  case.  The  medians  are  not,  however, 
really  parallel,  tfaoogh  within  short  distances  they  may  be  so 
considered  in  practice,  but  converge  towards  the  poles  (Note 
p^e  273);  and  the  degrees  of  longitade,  instead  of  being  equal, 
as  they  are  assumed  to  be  in  the  theory  of  the  parallelism  of  the 
meridians,  decrease  in  the  same  direction;  therefore  thedeparture 
and  difference  of  longitade  canflot  any  longer  be  considered  as 
identical ;  for  an  equal  amount  of  departure,  i.  a,  the  same 
nomber  of  linear  units,  will  measure  di&rent  arcs  of  lon^tnde 
according  to  the  distance  &om  the  equator  at  which  the  de- 
parture may  be  reckoned.  Tims,  at  the  equator,  a  departure 
equal  to  6066  feet,  measures  one  minute  of  longitude,  whereas 
at  89°  it  measures  nearly  a  degree,  and  proportitHially  at  all 
intermediate  stages.  In  measuring  an  oblique  distance,  there- 
fore, it  is  evident  that,  supposing  the  distance  to  be  divided 
into  a  number  of  infinitely  small  parts  or  increments,  the  amount 
of  departure  due  to  each  increment  ought  to  be  reckoned  in  arc 
of  longitade  at  its  own  distance  from  the  equator,  and  that  the 
departure  for  the  whole  distance,  when  converted  into  longitude, 
will  equal  the  sums  of  all  tiie  elementary  arcs  of  longitude  of 
each  increment  in  the  distance.  On  moving  &om  the  equator 
towards  the  poles,  these  elementary  arcs  will  be  continually 
decreasing,  and  the  contrary  in  travellbg  from  the  poles 
towards  the  equator  j  but  there  will  be  a  certain  point  between 
the  two  extremities  of  each  distance,  or  a  certain  meanparaOei 
of  latitude,  upon  which,  if  the  tchole  departure  be  reckoned,  it 
will  express  the  true'  difference  of  longitade  between  the  two 
extremities  of  that  distance.  This  mean  parallel  is  always 
higher  than  the  middle  parallel  between  those  extremes,  bat  in 
the  construction  of  maps,  where  the  measured  distances  are 
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short,  and  the  intervals  between  which  the  reduction  of  depar- 
ture into  longitude  takes  place  are  small,  it  will  give  results 
soffici^itly  near  to  Uie  truth  if  we  reckon  the  departure  upon  the 
middle  parallel  between  tbe  two  extreme  points  of  any  distance. 

"  If  the  figure  (rf  the  earth  were  teuly  spherical,  all  degrees  of 
latitude  would  be  equal,  while  the  degrees  of  longitude  would 
decrease  in  the  direct  ratio  of  the  cosine  of  the  distance  &om 
the  equator ;  but,  owing  to  the  spheroidal  figure  of  the  eiorth, 
the  degrees  of  latitude  are  not  equal,  but  increase  from  the 
equator  to  the  poles,  the  degrees  of  longitude  decreasing  in 
that  direction  in  a  ratio  slightlj  different  from  that  mentioned 
abovfe  The  greatest  difference  between  any  two  successive 
degrees  of  latitude,  which  occurs  about  45°  from  the  equator, 
is  63  feet,  or  1*05  feet  ia  one  minute,  being  rather  less  than  11 
inches  in  one  mile.  This  difference  decreases  both  towards 
the  equator  and  poles,  and  is  too  small  to  require  the  attention 
of  the  practical  man,  tmless  when  his  operations  extend  over  a 
surface  of  many  degrees :  but  in  longitude  the  difference  in- 
creases fi*om  56  feet  between  the  equatorial  and  first  degrees, 
to  6393  feet  at  the  poles ;  and,  therefore,  though  not  very  sen- 
sible at  first,  it  soon  becomes  so,  even  through  the  minutes  and 
seconds  of  each  degree. 

"  I  shall  now  show  the  use  and  application  of  Table  (C)  in 
the  reduction  of  traverses,  taking  as  examples  the  reductions 
entered  in  the  column  of  remarks  in  the  Table  at  page  362. 

"  Example.  Required  the  difference  of  latitude  and  of 
longitude  in  arc  between  Hatras  and  Duriapoor,  and  the  true 
latitude  and  longitude  of  the  latter  place,  the  Tabular  traverses 
being  N.  3  M.  1  Fur.  919-8  Lks.,  and  4  M.  0  Fur.  863-6  Lks. 
E. ;  the  latitude  of  Hatras  being  N.  27°  36',  and  its  longitude 
78'  04'  E. 

"  Reduce  the  Tabular  traverses  to  feet:  divide  the  Tabular 
difference  of  latitude  so  reduced  by  the  value  of  one  minute  or 
second  of  latitude  in  a  line  with  the  number  corresponding 
nearest  to  the  latitude  of  the  starting  point,  in  the  column 
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designated  "  distance  from  the  equator ;"  and  the  qaotiebt  will 
be  tlie  difierence  of  latitude  required  in  arc.  Add  to,  or 
subtract  this  difference  from  tiie  latitude  of  the  starting  point, 
according  as  it  may  be  of  the  same  or  of  a  different  denominar- 
tion,  and  it  will  give  the  true  latitude  of  the  place  required. 
Take  the  middle  latitude  between  the  starting  point  and  that 
for  which  the  difference  of  longitude  is  required,  and  correct 
the  value  of  one  minute  or  second  in  the  Table,  for  the  number 
in  the  column  designated  "distance  &om  equator,"  corres- 
ponding nearest  to  that  of  the  middle  latitude.  Divide  the 
Tabular  difference  of  longitude  reduced  to  feet  hj  the  corrected 
value  of  one  minuto  or  second,  and  the  quotient  will  ^ve  the 
difi»rence  of  longitude  in  arc  required ;  which  being  added  to, 
or  subtracted  &om,  the  lon^tade  (from  GSreenwich)  of  the 
starting  point  as  above,  will  give  the  true  longitude  of  the 
place  required. 


FMt. 

FeeL 

Three  imlea b  SS40 

Foormilea    =i9ll30 

One  fiu-Iong    =.    660 

883  Unks  (Table   D)  .-    569i8 

919  links  (Table  D>  .-    606-54 

•6  ditto,  (ditto) =          -396 

Beduced  diC  loDK. .   316B9'976E 

Beduced  diS  lat.  .N.  17107-068 

Lat  of  Hatras  N.  27"  36'V  value  of  1'  of  lat  for  28%  in 
Table  0  =  60fi9-l  and  17107-068  -«- 6059-1  gives  02*8233', 
or  N.  02'  49-40",  nearly,  for  the  diff.  of  Utitode  in  arc,  which 
added  to  the  latitude  of  the  starting  point  (being  of  the  same 
denomination)  gives  N.  27°  36'  +  N.  02'  49*40",  or  N.  27°  38' 
49-40"  for  the  true  latitude  of  Doriapoor. 
Again,  for  the  difference  of  longitude  in  arc : 

Latitude  ofHatras N.  27=  36' 

Halfdiff,  ofUtofDurUpoop   'N.  OI-JllCT 

Middle  Utitade  N.  27°  37-41167 

Value  of  1' of  longitude  for  27°,  Table  C 's42$-2 

'      Ditto    28=  ditto     3377-3 

Different  for  1= —    48S 
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Now  1",  or  60'  :  —  48-9  feet  ::  37-41167':  —  30-49,  and 
5426-2  —  30-49  =  5395-71  feet,  value  1'  of  lon^tude  to 
middle  latitude :  then,  osiDg  this  number  as  a  divisor,  we  shall 
have  the  tabnlar  diSerence  of  longitode  reduced  to  feet 
21689-976  -4-  5395-71  =■  4-018',  or  04'  01-08"  E.,  the  differ 
ence  of  longitude  in  arc,  which  added  (as  above)  to  the  long!- 
tude  (east  of  Greenwich)  of  Hatras  (78°  04')  gives  78°  08' 
01"08"  E.  for  the  true  longitude  of  Doriapoor." 

The  latitude  should  be  found  by  celestial  observation  at 
least  once  in  twenty-four  hours,  and  if  the  meridian  altitude  of 
the  sun  be  within  range  of  the  instrument  it  should  not  be 
neglected,  but  the  true  observation  to  trust  to,  is  the  latitude 
by  night  from  Stars  North  and  South,  which  in  a  fine  climate 
can  nearly  always  be  obtained,  and  the  difficulty  of  measuring 
the  altitude  in  low  latitudes,  when  the  doable  angle  is  lai^r 
than  a  sextant  can  measure,  avoided.  A  sextant  of  five  or 
eight  inches  radius  and  artificial  horizon,  are  the  only  safe 
instruments,  but  these,  of  course,  are  useless  for  the  meridional 
altitudes  of  the  sun  in  low  latitudes. 

The  determination  of  the  longitude  of  a  place  requires  more 
knowledge  than  is  requisite  to  find  its  latitude.  No  p^ns 
should  be  spared,  nor  any  time  be  considered  misspent  in 
endeavouring  to  fix  accurately  the  chief  points  in  a  country 
by  independent  observations  for  longitude.  The  only  trust- 
worthy method  for  a  locomotive  observer  ia  by  occultations. 
One  good  observation  of  an  occultation  is  worth  fifty  obser- 
vations depending  on  the  moon's  motion;  lunar  distances 
are  not  to  he  relied  on  within  20  miles.  Moon  culmina-  ' 
ting  stars,  which  ia  a  favorite  method,  requires  a  long 
series  of  observations,  and  the  fixing  the  transit  instru- 
ment takes  several  days,  and  the  method  depending  on  the 
moon's  motion,  the  error  is  magnified  twenty-eight  times  in  the 
result;  Eclipses  of  Jupiter's  Satellites  are  unsatisfactory  on 
account  of  the  Penumbra.  Unfortunately  occnltations  occur 
very  seldom  and  give  a  great  deal  of  trouble,  but  the  observa- 
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tios  when  made  ia  very  raloatile  and  onght  to  be  good  witiiin 
2,000  or  3,000  feet  at  the  ontatde,  so  that  a  coople  of  occoltar- 
tioDS  is  snffident  for  a  good  approximaUoo.  It  is  also  advisable 
that  corresponding  observations  at  an  observatory,  should,  if 
possible,  be  made.  ChronometerB  are  not  to  be  tmsted,  for  long 
circnitoQS  joomeys,  ef^>ecially  in  a  meridional  direction. 

"  The  above  methods  -which  are  folly  treated  of  in  Part  V, 
will  enable  the  observer  to  lix  the  longitade  of  a  place  abto- 
bttely,  tliat  is  to  say,  independently  of  the  transport  of  time  by 
a  watch  o:c  chronometer,  bat  for  short  distances  this  instm- 
ment  will  be  perfectly  serviceable,  and  connect  one  place  with 
another,  so  that  all  may  be  relatively  right  in  a  map  of  the 
country,  though  absolutely  wrong ;  and  when  at  any  snbse- 
qnent  opportunity  the  longitude  of  any  one  point  may  be 
correctly  determined,  all  will  move  together  in  its  right 
place. 

"  With  regard  to  tlie  management  of  a  chronometer,  the 
great  point  is  to  find  its  error  at  any  place,  the  longitade  of 
which  is  known,  and  its  rate  whenever  on  opportonity  ia 
afforded,  by  stopping  two  or  three  days  in  any  place,  and 
to  make  allowance  for  any  alteration  in  rate  over  the  whole 
route  travelled  since  its  rate  was  last  determined. 

"  The  mode  of  finding  the  longitude  before  described,  by 
keeping  an  exact  itinerary  of  the  courses  by  the  compass 
and  the  distance  travelled,  corrected  for  variation,  and  checked 
by  observations  for  latitude,  is  the  simplest,  and  will  give 
a  very  fair  approximation,  and  this  method  should  never 
be  neglected,  as  it  will  serve  as  a  usefol  check  to  astronomical 
observation  B. 

"  By  these  means  a  caxefol  and  industriona  traveller  can 
hardly  fail  of  obtaining  abundant  materials  for  the  correct 
laying  down  of  his  route,  and  should  he  traverse  the  country 
in  diiferent  directions,  he  will  thus  have  a  number  of  lines 
crossing  each  other  forming  a  route  map,  from  which  for 
want  of  a  regular  survey,  a  very  fair  idea  of  the  country  may 
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be  gleaned,  particiilarly  when  such  map  is  accompanied  by 
a  detailed  description.  Another  essential  object  to  which 
we  would  call  the  trayeller's  attention  is,  never  to  go  to  sleep 
nntil  he  has  mapped  his  day's  route,  and  written  up  his  journal 
from  the  notes  of  the  day."* 

To  shew  the  accuracy  with  which  this  description  of  survey 
may  be  carried  out,  we  subjoin  an  account  of  the  Ray  Trace 
System  as  pursued  in  the  Great  Trigonometrical  Survey  and 
detailed  in  the  following  Chapter. 

•  "  What  to  obBerre,  or  tho  TruTeller's  Keroeinbrftnoer."    By  J.  R.  JackioD. 
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CHAPTER  XV. 


On  the  Eat  Trace  System  of  the  Geeat  Tbigono- 

UETBlCAIi   SUBVET. 

Akaloqoub  to  the  route  Burvey.ia  the  Ray  Tracing  System 
introduced  by  Lieutenant  Colonel  Everest,  the  late  Surveyor 
General  of  India,  and  described  (page  19)  in  his  account  of 
the  "  measurenient  of  two  sections  of  the  meridional  arc  of 
India,"  publiafaed  in  1847.  This  is  most  useful,  where  it  is 
necessary  to  know  the  exact  line  between  two  places  for  road 
making,  or  the  proper  direction  in  which  to  lay  the  telescope 
for  observing  the  Bine  Light  Signals,  which  are  burned  by  sets 
of  four,  at  ten  minutes  interval  between  each  lighting,  and 
which  are  scarcely  in  a  single  instance,  during  the  whole  of 
the  operations  of  the  Great  Trigonometrical  Survey  visible 
to  the  naked  eye.  Without  calculating  this  direction  before- 
hand, it  would  be  impossible  to  say,  in  the  side  of  a  triangle, 
perhaps  10  to  15  miles,  how  the  ray  would  fall,  and  which 
identical  trees  would  require  to  be  felled.  For  this  purpose  a 
minor  series  of  triangles,  or  a  simple  route,  is  carried  on  along 
the  ray,  commencing  from  the  station  of  the  eye  and  termi- 
nating at  that  of  the  object,  wherein  by  assuming  the  most 
commodious  of  the  first  two  sides  as  unity,  and  as  the  line  of 
direct  co-ordinates,  it  is  easy  to  compute  not  only  the  angle 
which  the  ray  makes  with  this  line,  but  also  the  ratio,  which 
they  bear  to  each  other. 

The  following  directions,  computation  and  example  of  a  ray 
trace,  have  been  drawn  up  in  conformity  with  these  principles. 
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and  are  precisely  those  at  present  employed  ia  the  Great 
Trigonometrical  Sm^ey  of  India.  Most  of  the  rays  for  the 
principal  triangles  have  been  worked  out  in  this  manner, 
whence  the  method,  whether  executed  by  minor  triangnlation, 
or  perambulator  measurement,  has  derived  the  name  of  "  Ray 
Tracing,"  and  affords  ample  opportunities  for  filling  in  topogra- 
phical details,  and  fixing  the  secondary  points,  within  large 
triangles. 

Every  Route  Survey,  conducted  on  the  principles  of  the 
Ray  Trace,  should,  if  possible,  originate  in  a  point  previously 
determined  by  a  Trigonometrical  Survey;  when  a  fixed  point 
of  this  kind  is  not  available,  the  origin  of  the  route  should 
be  placed  on  some  permanent  object,  such  as  a  mosque,  a 
temple,  a  church  or  a  pucka  building,  &c.,  the  position  of 
which  can  be  readily  ascertmned  whenever  required,  by  a 
trigonometrical  operation. 

In  a  Route  Survey,  the  measurements  required  consist 
of  two  parts,  viz.,  linear  and  angular.  The  measurements 
of  the  former  kind  are  usually  made  with  a  perambulator, 
and  those  of  the  latter  are  invariably  executed  with  a  theodo- 
lite ;  the  angular  measurements  are  much  less  liable  to  error 
than  the  linear  measurements ;  whence  the  correctionB  arising 
from  all  and  every  discrepancy  exhibited  by  a  Route  Siurvey, 
are  exclusively  applied  to  the  measured  distances,  thereby 
leaving  unaltered  the  observed  angles  which  are  considered 
errorless;  on  this  assumption  is  based  the  common  method 
for  computiag  and  reducing  a  Route  Survey. 

After  the  origin  of  the  survey  has  been  determined  upon, 
the  Surveyor  proceeds  forward  and  selects  stations  in  the 
route ;  the  conditions  to  be  attended  to  in  this  operation  are, 
1st,  the  reciprocal  visibility  of  the  adjacent  stations,  and  2nd, 
the  eligibility  of  the  intermediate  ground  for  a  perambulator 
measurement 

In  closing  the  operation,  it  must  terminate  also  on  a  point 
which  has  been  either  determined  trigonoraetrically,  or  which 
is  c^>able  of  being  so  determined  in  future. 
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When  the  origin  and  tenuinua  of  a  Route  Survey  are  fixed 
points,  any  error  committed  in  the  execntion  of  the  work,  ia 
susceptible  of  easy  elimination  as  will  afterwards  appear. 

AAer  the  Stations  are  selected,  the  next  thing  is  the  mea- 
surement of  tlie  distances  and  angles.  For  this  purpose,  a 
reading  of  the  perambulator  at  the  origin  is  taken,  and  then  it 
is  rolled  forward  in  a  straight  line  to  Ol,  where  a  second  read- 
ing is  taken ;  here  likewise  the  theodolite  is  adjnsted,  and  the 
angle  between  the  origin  and  ©  2  observed ;  this  observation 
should  be  repeated  on  both  faces  of  the  instnmient ;  the  advan- 
tages attending  the  taking  of  this  double  observation  are  these : 
In  the  first  place  the  record  is  checked,  and  secondly,  any  error 
induced  m  the  individual  observations  by  the  unadjusted  line 
of  coUimation,  or  the  dislevelled  transit  axis,  disappears  in  the 
mean  valae  thereof. 

After  0 1  is  disposed  of,  the  Surveyor  proceeds  to  0  2,  where 
he  takes  observatioas  nmilar  to  those  made  at  0 1 ;  the 
remaining  stations  of  the  route  being  treated  in  like  manner, 
be  will  at  last  arrive  at  the  terminus,  where  having  no  angle  to 
observe,  he  will  only  note  down  the  reading  of  the  perambula- 
tor ;  afler  the  completion  of  the  field 
measurement,  the  computation  of  the 
route  is  made,  the  principles  and  method 
of  executing  which  may  be  explained  in 
the  following  manner : 

On  reference  to  the  diagram  in  the 
margin,  it  will  be  perceived  that  if  the 
first  line  (origin  to  Ol)  be  extended  so 
as  to  meet  the  perpendicular  drawn 
thereto  fin>m  the  terminus,  the  lengths  of 
these  two  lines  being  known,  all  the 
other  elements  of  the  route  are  ascertain- 
ed by  a  very  easy  computation. 

For  instance,  calling  y  the  perpendicu- 
lar above  mentioned,  and  x  the  line 
drawn    from    the     oripn   to    meet    it,  , 

n,g,t,7l.dM,COOglC 


375 

^  =  tan  0,  0  being  the  angle  at  tiie  origin  between  Q 1  and 
tbe  terminos. 

Agfun,  the  wbole  distance  from  the  origin  to  the  tenninos  of 
the  route  is  equivalent  to  p  ^  z.  sec  fl. 

The  use  of  these  elements  for  correcting  the  measured  dis- 
tances of  the  route,  and  for  laying  off  the  direct  line  from  the 
origin  to  the  terminus,  will  be  shown  presently. 

In  the  computation  of  a  Ray  Trace  Survey,  it  should  be  pre- 
mised that  X  is  taken  as  the  axis  of  tbe  direct,  and  y  that  of 
the  perpendicular  co-ordinates, 

Besides  x  and  tf,  there  are  other  symbols  required  to  desig- 
nate the  measured  distances  and  angles,  and  the  characters 
usually  made  use  of  for  this  purpose  are  as  follows : 
Distance      Ori^  to    0 1  =>  a 
Ditto  ©1     to     ©2  =  o 

Ditto  ©2     to    ©3  =  i 

Ditto  03     to    04  =  e 


Ag^n, 

Mean  observed  angle  at  01  =  ©1 

„  „  Ditto  at  02  =-  ©2 

„  Ditto  at  03  =  ©3 


These  observed  angles  are  deduced  by  subtracting  the  read- 
ing of  the  rear  station  from  that  of  the  forward  point,  and  con- 
sequently they  may  be  of  any  value  whatever  from  0°  to  360°. 

From  the  observed  angles  deduced  as  directed  above,  let  the 
following  arcs  called  angles  for  computation  be  computed. 
,  A  ==  ©1 

B  =  A  +  02— X 
C  =  B  -I-  03— TT 
D  =  0  -I-   04  —  ^ 


That  is  to  say,  the  angle  for  computation  at  any  station  is 
equivalent  to  the  observed  angle,  augmented  by  the  last  angle 
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for  computEttion,  and  dimiiiished  by  180°;*  the  angles  for  com- 
potation  as  dednced  above  are  tbose  at  which  the  lines  a,  h,  c, 

are  mclined  to  the  6r8t  line  a,  or  to  the  parallels  thereoC 

After  the  deduction  of  the  angles  for  computation,  it  is  neces- 
sary to  calculate  the  following  terms : 

af  -=  a.  cos  A  y  ^  a.  sin  A 
xl'  ^  b.  cos  B  y"  =  A.  sin  B 
ar"'  .=   c.  cos  0  y"'  =  c.  sin  C 


3?,  z",  x"' are  called  direct  co-ordinates,  they  being 

the  projections  of  a,  b,  c, on  the  fl'^n'a  x;  similarly  y, 

y,  y being  the  projections  of  the  same  lines  on  the  axis 

1/,  are  called  perpendicular  co-ordinates ;  the  signs  of  these  co- 
ordinates depend  apon  the  magnitude  of  the  angles  from  which 
they  are  respectively  derived,  and  tbese  signs  will  be  readily 
found  by  a  reference  to  the  following  Table : 

Table  exhibitittg  the  Sifftis  of  the  direct  and 
Perpendicular   Co-ordinates. 


Magnitude  of 
thB  (ingles  fot 

Quadrauta. 
1st. 
3ad. 
3rd. 
4th. 

t 

.     t 

After  affixing  proper  signs  to  the  direct  and  perpendicular 
co-ordinates,  collect  the  former  into  one  sum  and  the  latter 
into  another;  the  former  of  these  sums  augmented  by  the  first 
distance  (a),  is  the  numerical  value  of  x,  while  the  latter  sum 
ia  the  numerical  value  of  y. 

ARer  the  values  of  x  and  y  are  determined,  0  and  p  may  be 
deduced  by  the  following  formulae. 

Tan  8  =-;  p  =  x.  sec  e. 

Now  Z.  8  i8  of  the  same  sign  with  y,  and  may  he  either ' 
positive  or  negative.     In  the  former  case,  the  terminus  is  to 
the  right  and  in  the  latter  to  the  left  of  ©  1 ;  knowing  the  value  of 
"  The  established  symbol  for  a  Bemlcirole  or  180°  is  *. 
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0,as  likewise  its  position  with  respect  to  0 1 ,  it  is  easy  to  trace  the 
direct  line  of  the  route.  For  this  purpose,  pat  up  the  theodolite  at 
the  origin  and  take  a  reading  to  G  1-  1*0  this  reading  applyj 
according  to  its  sigr,  the  Z.  0 ;  the  resulting  reading  or  the 
telescope  set  thereto,  will  point  to  the  terminus  of  the  survey. 

Again,  if  it  be  required  to  trace  the  route  from  the  terminnSj 
it  may  be  done  thus :  According  as  fl  is  positive  or  negative 
add  it  to,  or  subtract  it  from,  v.  From  the  sum  or  dif- 
ference so  obtamed,  (augmented  when  leas  than  the  sub- 
tractor  by  2t)  deduct  the  last  angle  for  computation,  the 
remainder  will  be  the  ^S*  at  the  terminus  between  the  origin 
and  the  last  station  of  the  route.  The  £.9'  may  be  of  any 
value  from  0"  to  360" ;  it  is  likewise  always  positive.  Adjust 
the  theodolite  over  the  terminus,  and  take  a  reading  to  the 
last  Station ;  to  this  reading  add  the  /_& :  the  resulting  reading 
will  be  the  required  direction  of  the  origin  from  the  terminus. 

It  is  evident  thatp,  determined  as  directed  abovcjis  in  terms 
of  the  perambulator,  calling  E  the  value  of  the  same  distance 
as  derived  from  a  trigonometrical  operation,  it  follows  that 
p  (/>'Ria  the  error  of  the  Route  Survey. 

Without  making  any  assumption  as  to  the  cause  of  this 
error,  it  is  evident  that  this  discrepancy  must  be  expunged, 
before  the  details  furnished  by  a  Route  Survey  can  incorporate 
with  those  of  a  trigonometrical  operation. 

The  simplest  and  perhaps  the  only  method  of  performing 
this,  is  by  the  following  rule  of  proportion. 

As  the  direct  perambulator  distance  of  the  route  (p) 
:  The  trigonometrical  value  thereof  (R) 

I '.  Each  measured  perambulator  distance 
1  Its  corresponding  trigonometrical  length. 

Correcting  by  this  proportion  all  the  perambulator  distances, 
as  well  as  alt  the  coH)rdiDates  deduced  therefrom,  the  resulting 
elements  will  obviously  be  in  terms  of  the  unit  of  the  Trigono- 
metrical Survey. 

The  following  is  an  example  of  the  field  notes  and  computa- 
tion deduced  therefirom. 
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TYPE  OF  CALCULATION  OF  RAT  DONAO  TO 
KAISKEEA, 

DiSTAKCES.  OB8EBTED  AxSLES. 


©1    = 


1-075  =  a 


01  to  ©2  =  3-212  =  11 

©2  to  03  =  1-181  =b 

©3  to  04  =  1-606  .-o  c 

04  to  ©5  =  1-767  =  d 

05  to  ©6  =  0-895  =  e 

06  to  07  =  0-707=/ 
07toEainken=-  1122 -=o 


At  Ql  =  178  13  40 

02  =  178  27  23 

03  =  170  58  49 

04  —  185  26  43 

05  =  215  54  0 
©6  =  184  0  5 
©7  =  155  22  13 


Heoce  the  Angles  fin  Compulatiofi  m 


A  —   178  13  40 

B  —  (178  13  40  -)■    178  27  23 

_  x)  =  176  41     3 

C  =  (176  41     3  +    170  58  49 

—  x)  =  167  39  52 

D  =  (167  39  52  +    185  26  43 

—  S-)  =  173    6  35 

E  —  (173     6  35   +     215  54     0 

—  x)  =  209     0  35 

F  =  (209     0  35   4-     184     0     5 

—  x)  =  213     0  40 

G  —  (213     0  40  +     155  22  13 

—  x)  =  188  22  53 

A—  178  13  40  Cos.  9-99979 

SLo.    8-4903S 

a  =  3313            Log.  0-S0S7S 

Log.   0-S0678 

0-S06ST  ...  +3-aio 

B  =  1TB  41      3  Cm.  9B992? 

5-99711   ...  —  0-099 
Sin-     8-76:!23 

£»  I'lai            Lojr.  00722! 

hog.    0-07225 

0-07152...  4- 1-179 
C  -1  1S7  39   52  Co).  9'989tlS 

2-8^448  ...  —  0-068 

Sin.     932U68 

(?=.  1'60e             Log.  0-2057S 

Log.    OS0575 

019S61  ...  +  1-569 
D  =  173     6  85  Co«."!i-9tt68S 

1-.MS43  ...  —  0-343 
Sin.     9-07907 

if  <m  1-767           Log-0-!47S4 

Log.    0-247J4 

0-24409  ...  4-  1-754 
E  —  809    0  as  Ckw.  9-9*178 

T-3a631    .„  —  0-812 
Sin.     9-68570 

t  — 0-899            Log.   1-95189 

Log.    195182 

r-89S60  ...  +  0-783 

T-637S2  ...  +  0-434 
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F»3I3    0  40  Cos.  esaSSl  Sin.    9-73634 

/=.  0-11)7  Log.    1-64943  Log.  1-84943 

177896  ...  +  0-593  1-58566  ...   +  0S8S 

G  —  188  23  53  Cos   9  99534  Sin.     9-16364 

g  =  1-iaa  Log-  O-04999  Lok-    0-04999 

0-04533 l-  1110  131363  ...  +  0-184 

a  —  ..■  +  1075 

Sam  of  Direct  Co-ordi'  Soid  of  Perpendr. 

nates  x  = +^273         Co-ordinaWs  y  =  -^^^^^ 

gnm  of  Direct  Co-ordiaates  x  =  II  373    Log.    105304 

A.  C:  8-94796 

Sum  of  Ferpr.  Co-ordinates  y  =     0-361     L(%.    1'41664 

9  =  4.   1°  19'  35"  Tan.   836460    Cos.    9-99988 

Sec.    0-00013 

Snm  of  Krect  Co-ordinaWs   x=   11-273     Log.   105304 

Distance   bj  Perambulator  measurement     Log.   1-05316 

Ditto  TriaDguUtion Leg.    1047 16 

Gonttant  Lc^.  of  Correction    Log.  1-99500 

This  constant  logarithm  added  to  the  logarithms  of  the  pe- 
rambulator distances  -will  furnish  the  logarithms  of  the  same 
distances  in  terms  of  the  unit  of  the  Trigonometrical  Surrey. 

ff  Computed. 

T  +  e       =  181     19    35 
Which  being  less  than  subtroclor  is  augmented  1 

by  2  IT,  and  becomes,      j 

Deduct  G  or  last  Z  for  computation,    =  18^     23     53 

Hence,     ...     ff       =  352     56     42 

The  following  is  the  method  of  computing  a  Haj  Trace 
Survey  without  the  aid  of  the  trigonometrical  distance,  where- 
with it  is  connected. 

The  method  just  explained  for  the  computation  of  a  route 
survey,  requires  a  previous  knowledge  of  the  distance  of  S 


19    35 
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to  S';  but  it  sometimel  happens  in  practice  that  this  inform 
mation  ia  not  forthcoming  and  cannot  be  ascerttuned  with- 
out a  tedious  computation,  in  which  case,  the  following  method 
of  deduction  should  be  adopted,  which  detenDines  the  true 
positions  of  the  Koute  Survey  points,  without  reference  to  the 
direct  distance  between  the  two  trigonometrical  Stations, 
wherewith  they  are  connected. 

In  the  diagram  (page  374)  S  and  S^  are  two  trigonometrical 
StatJoDs,  and  0 1  ©2  ©3  are  points  of  a  Route  Survey,  wliich 
originates  in  S  and  terminates  at  S'. 

The  elements  supposed  to  be  given  are  the  latitude  and 
longitude  of  S  and  also  the  azimuth  of  0 1  from  S. 

With  the  perambulator  distance  S  to  ©  1  and  the  elements 
above  given,  deduce  the  latitude  and  longitude  of  0 1,  as  also 
the  back  azimuth  of  S;  with  the  back  azimuth  of  S  and  the 
observed  angle  at  01,  compute  the  forward  azimuth  of  ©2 
&om  ©  1 ;  with  this  azimuth  again,  and  the  given  perambula- 
lator  distance  ©1  to  ©2,  deduce  the  latitude  and  longitude 
of  ©  2 ;  by  a  similar  process,  the  latitudes  and  longitudes  of 
the  other  points  of  the  Route  Survey,  as  likewise  of  trigonome- 
trical Station  S'  may  be  derived. 

When  the  computation  arrives  at  S',  the  deduced  latitude 
and  longitude  of  this  Station  will  probably  differ  from  their 
respective  trigonometrical  values;  the  discrepancies  thus 
displayed  present,  under  an  acoumolated  form,  the'  whole 
error  of  the  survey.  To  eliminate  this  error:  add  all  the 
perambulator  distances  together,  and  take  the  logarithm  of 
the  sum ;  to  the  arithmetical  complement  of  this  logarithm, 
add  the  log.  of  the  error  in  latitude,  the  sum  will  be  a  constant 
log. ;  to  this  constant  log.,  add  separately  and  in  the  order  in 
which  they  stand,  the  logs,  of  the  several  perambulator  dis- 
tances of  the  survey,  and  find  the  natural  numbers  correspond- 
ing to  these  sums :  now  the  correction  for  the  first  Route  Survey 
point  is  the  first  natural  number ;  the  correction  for  the  second 
point  is  the  sum  of  the  first  and  second  natural  numbers ;  simi- 

n,g,t,7l.dM,COOglC 


larly  the  correction  for  the  third  Route  Survey  point  is  the  sum 
of  the  first  three  natural  numbers ;  and  in  the  same  manner, 
the  correction  for  the  other  points,  and  also  that  for  trigonome- 
trical Station  S'  may  be  deduced. 

It  ia  evident,  that  the  deduced  correction  for  S'  ought  to 
he  identical  with  the  whole  error  exhibited  by  the  survey, 
and  when  this  takes  place,  the  computation  of  the  corrections 
may  he  assumed  as  having  been  correctly  performed ;  in  this 
computation  the  logs,  used  should  be  carried  to  five  decimals, 
and  the  natural  numbers  deduced  should  be  limited  to  a  tenth 
of  a  second. 

The  error  in  longitude  may  be  corrected  in  the  same  way 
as  that  in  latitude ;  this  mode  of  dispersing  the  error  of  a  Route 
Survey  is  likewise  applicable  when  the  positions  of  S  and  S' 
have  been  fixed  by  astronomical  observation. 

The  method  of  carrying  out  the  Ray  Trace  System  by 
minor  triangulation  will  be  treated  of  in  a  sabseciuent  Chapter. 
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CHAPTER  XVI. 


On  Teigonomethical  Surveying,  and  the  mode  op 
Opekations  to  be  pursued  in  Hilly  Oounteies. 

In  tbe  system  of  sorrey  wliich  has  been  described  in  the 
last  few  chapters,  shewing  the  style  of  a  Revenue  Survey, 
which  embraces  all  villages  situated  in  a  champaign  or  well- 
cultiTated  country,  the  relative  positions  of  the  several  Stations 
are  ascertained  by  direct  linear-measurement,  but  in  a  less 
favored,  or  mountainous  and  densely-wooded  country,  where, 
on  account  of  the  inequalities  of  surface,  the  measurements 
are  liable  to  more  than  ordinary  errors,  and  to  connect 
the  measurement  of  one  village  with  another,  with  any  degree 
of  expedition,  is  almost  rendered  impossible,  it  is  necessary,  in 
order  to  prevent  accumulation  of  errors,  that  the  detailed  mea- 
surements be  based  on  an  accurate  system  of  triangnlation. 

To  pursue  a  Topographical  Survey  of  countries  of  the  above 
description,  which  latterly  have  been  met  with  to  a  consider- 
able extent  in  the  course  of  the  Revenue  Operations  in  India, 
a  Trigonometrical  Basis  becomes  essential,  we  therefore  pro- 
pose to  enter  into  such  details  for  the  prosecution  of  a  Trigo- 
nometrical Survey,  founded  on  the  principles  and  system  as 
now  actually  in  use,  as  will  enable  the  Surveyor  to  prepare 
himself  for  every  emergency,  for  all  surveys  executed  without 
due  regard  to  this  precaution,  however  carefully  the  detmls 
may  be  performed,  partake  of  the  character  of  detached  opera- 
tions, which  are  incapable  of  union  ititer  se,  or  of  harmonious 
combination  with  other  surveys. 
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All  Trigonometrical   Operations   emanate 

either    from   aorae   actually  measured  line. 
Base  Lms.  ■'  ... 

called  a  Base  Line,  or  from  a  side  of  some 

other  Trigonometrical  Surrey,  the  length  of 
which  is  known  by  calculation.  As  a  general  rule,  for  all 
stpveys  of  a  secondary  order,  the  measurement  of  a  base 
should  never  be  attempted,  if  by  any  possibility  the  side  of 
a  triangle  of  the  Great  Trigonometrical  Survey,  can  be  ob- 
tained, and  it  will  be  found  preferable  to  go  a  little  oat  of 
the  way  to  secure  this,  and  to  perform  a  httle  extra  triangula- 
tion,  in  consequence,  than  to  spend  time  on  bo  difficult  and 
tedious  a  task,  as  the  measurement  of  a  base,  with  rude  and 
imperfect  instruments,  the  results  of  which  will  never  equal 
the  value  of  a  computed  side,  deduced  with  the  scrupulous 
care  and  nicety  of  an  important  Trigonometrical  Survey. 

The  measurement  of  a  Base  Line,  from  which  the  sides  of 
the  triangles  of  an  extensive  series  are  to  be  calculated,  such  as 
for  the  measurement  of  an  arc  of  the  meridian,  although  ap- 
parently easy,  is  the  most  difficult  and  important  part  of  aTrigo- 
nometricid  Survey,  as  upon  its  accuracy,  that  of  every  triangle 
depends,  and  one  in  which  every  refinement,  which  mechanical 
ingenuity  can  devise,  has  been  adopted,  with  a  view  to  obtmn 
Mathematical  accuracy.  The  length  of  the  base  is  made  to 
depend  in  general  on  the  proposed  length  of  the  sides  of  the 
triangles,  which  are  to  be  deduced  from  it,  but  circum- 
stftnces  seldom  allow  it  to  exceed  from  seven  to  mght  miles 
in  extent,  as  its  position  is  to  be  selected  on  an  even  plain, 
as  nearly  as  possible  horizontal,  and  otherwise  conveniently 
adapted  for  purposes  of  measurement,  where  both  ends  of 
the  base  would  be  visible  from  each  other,  as  well  as  from 
such  stations  with  which  they  should  form  Symmetrical 
Triangles. 

Our  limits  will  not  admit  of  entering  into  a  description  of 
the  different  implements,  which  have  at  divers  times  been 
made  use  of  for  the  measurement  of  a  Base  Line.  Formerly 
3  B 
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it)  the  Englbli,  as  well  as  in  the  Indian  Trigonometrical 
Survey,  Steel  Chains  of  one  hundred  ieet  in  length  were 
employed  in  this  operation,  but  this  implement  has  now  been 
set  aside,  and  the  apparatus  introduced  in  its  place  are  the 
Compensation  Bars  and  Microscopes.  On  the  Continent,  rods 
of  different  metals,  as  platina,  copper,  mm,  &c,  are  used  in 
measmnng  a  Base  Line. 

When  a  Base  Lme  is  measured  with  a  Metallic  Rod  or 
Chain,  it  will  stand  in  need  of  a  correction  dependant  upon 
temperature,  because  the  length  of  the  measuring  imple- 
ment varies  with  the  indications  of  the  Thermometer.  When 
the  Compensation  Bars  and  Microscopes  are  employed,  the 
correction  for  temperature  is  never  required,  that  apparatos 
being  so  constructed,  as  to  indicate  the  same,  or  nearly  the 
same  length,  under  every  variation  of  temperature. 

Full  accounts  of  the  measurement  of  the  Base  Line,  with 
Compensation  Bars  and  Microscopes,  will  be  found  in  Everest's 
Account  of  the  I^eaaureraent  of  the  Arc  of  the  Meridian,  1847, 
and  in  Yolland's  Ordnance  Survey,  1847.  Again,  Lambton's 
Papers  in  the  Asiatic  Researches,  as  likewise  Everest's  first 
work  on  the  Indian  Arc,  published  in  1830,  conttun 
accounts  of  Base  Lines  measured  with  a  Steel  Chain.  But  the 
paper  which  would  be  most  serviceable  to  a  Revenne  Surveyor 
is  that  published  by  Capt^n  Herbert,  in  the  14th  volume  of 
the  Asiatic  Researches,  in  which  he  gives  an  account  of  the 
measurement  of  a  Base  Line,  executed  with  deal  rods  in  the 
Debra  Dhoon,  for  the  purpose  of  making  a  Trigonometrical 
Survey  of  the  Himalyah  Mountains. 

The  method  of  laying  out  a  Base  Line  previous  to  measure- 
ment is  thus  done.  A  B<mmg  instrument,*  or  in  lieu  thereof  a 
Theodolite,  being  firmly  planted   at  the  origin,  its  line  of 

*  The  Boning  Instrament  is  used  onljr  for  Base  Line  operatioiiB,  it  has 
tlie  iwmmoD  properliM  of  Qte  Theodolite,  only  vith  mora  perfeot  odjuBtmeDls  to 
the  tine  of  Collim&tioD  and  of  the  Horizontal  and  Transit  Axis  Lerela,  and  in  addi- 
tion lateral  motion  to  the  Tdescops. 
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collimation  and  the  trati^t  axis  being  likewise  truly  adjusted ; 
marks  are  tlien  fixed  in  the  ground,  at  different  distances 
in  a  continuous  vertical  plane,  as  far  as  the  power  of  tlte 
Telescope  will  permit,  the  instrnmeat  is  then  taken  forward 
to  within  three  or  four  marks,  or  pickets  of  the  extremity  of 
the  line  ranged,  and  placed  correctiy  over  one  of  them  by 
means  of  the  plummet,  and  by  the  intersection  of  the  cross- 
wires  of  the  Telescope,  directed  to  the  back  and  forward 
pickets  successively.  This  done,  other  marks  are  then  fixed 
in  the  same  vertical  plane  untU  the  terminus  of  the  Base  Iiine 
is  reached. 

Boards  12  or  15  inches  square,  with  concentric  black  and 
white  rings  painted  on  both  sides,  make  good  ranging  marks. 
Besides  the  marks  at  the  extremities  of  a  Base  Line,  which 
should  always  be  constructed  so  as  to  be  permanent,  two  or 
three  intermediate  points  shoold  be  carefully  determined  and 
marked,  daring  the  progress  of  the  measurement,  so  as  to 
serve  for  testing  the  accuracy  of  Uie  different  portions,  by 
comparing  them  with  each  other  by  minor  Triangulation. 

In  measorbg  a  base  for  the  Topographical  Survey  of  any 
moderately-sized  portion  of  country,  it  will  be  sufficient  to 
measure  its  length  carefully  two  or  three  times  with  well  sea- 
scmed  fir  or  teak  rods,  or  a  good  Steel  Chfun  which  has  been 
compared  with  a  standard. 

The  rod  or  chain  employed  in  the  operation  should  be 
always,  if  possible,  adjusted  to  a  horizontal  position ;  but  this 
is  a  condition  which  the  unevenness  of  the  ground  would 
occasionally  prevent  its  being  carried  into  effect  When  this 
occurs,  the  angle,  at  which  the  measuring  implement  is  inclined 
to  the  horizon,  should  be  carefully  observed  and  registered  in 
the  Base  Line  book. 

As  the  Theodolite  is  the  only  instrument  which  is  likely  to 
be  at  the  disposal  of  the  Revenue  Surveyor,  we  will  proceed 
t6  show  how  it  may  be  employed  in  determining  the  angle 
abovementioned.    The  Theodolite  being  fixed  at  a  convenient 
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spot  in  the  allinement  of 

the  Base  Line,  adjost  the 

Tdescope,   or  rathra  the 

line  of  vision  thereof,  to  a 

horizontal    position.     Let 

HA   represent    this   line. 

Also  Bnppose  AB  to  be 

the  measnring  implement, 

placed  as  will  be  required 

in  the  conrse  of  the  mea- 

snrement     Kow  the  lengths  of  the  lines  AH  and  BA  can 

easily  be  ascertained^  hy  holding  first  at  A,  and  then  at  B,  a 

perpendicnlar  staff,  and  marking  thra^on  the  ptnnts  at  which  it 

is  cnt  by  the  Tisnal  tine  of  the  Telescope.     Calling  m  the  former 

and  n  the  latter  of  these  lines,  it  is  evident;  firstly,  that  when 

m  and  n  are  equal,  the  measuring  implement  is  hoiizontal ;  and 

secondly,  that  when  this  equality  does  not  obtain,  the  implement 

in  question  is  inch'ned  to  the  horizon,  the  advanced  end  B 

being  higher  or  lower  than  the  rear  end  A  according  as  m  is 

greater  or  less  than  n. 

It  is  also  clear  that  sin.  i  =  —r — ,  in  which  i  denotes  the 

indinatiou  of  the  measuring  implement  to  the  horizon,  h  being 
its  length. 

When  the  measnring  implement  is  laid  inclinedto  the  horizon, 
the  distance  it  measures  off  on  the  latter  plane,  is  equivalent  to  its 
projection  therecou  FnttiDg  mco  n  ^  d  snip  =  length  of  the 
projection  abovementioned,  we  shall  have  p  —  ^  ^e (^ 

which  expanded  becomes  A  __  oT  ~  oTj  —  TcTj  

Compute  therefore  the  terms  stj  oTs*  ,  and  sub- 
tract their  sum  from  A,  the  remainder  will  be  the  value  of  tlie 
projection  of  the  measuring  implement  on  the  plane  of 
tlie  horizon.' 
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A  good  naethod  is  to  lay  tfie  pair  of  rods,  as  it  is  termed  "  in 
coincidence,"  that  18,  lines  drawn 

across  them  near  their  extre-       "^j— ^ ^  — ^ 

mitiea,    are  made  to  coincide    ^  I     ■  — ^ 

most    accurately    aa     in    the 
sketch  (Fig.   I.)  The  ends  of 


Fig  J. 


the  rods  may  be  I^d  together  on  tripod  stands,  (Fig.  3,) 
a  set  of  six  bdng  properly  allined  and  levelled,  and  where 
the  ineqiialilies  of  the  ground  renders  it  necessary  to  alter  the 
level,  a  plumb  line  is  sufficient  to  obtain  a  coincidence  of  the 
marks  on  the  rods.  If  the  tripod  stands  are  not  avmkble, 
boards  may  be  laid  down,  the  edge  of  a  common  table  knii^ 
bong  placed  along  the  divisions  or  cats  on  the  rods,  to  shew 
the  cointudence,  as  in  Fig.  2. 
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hx  order  to  compare  together,  and  ctmoect  bases  measnred  at 
different  elevations  in  distant  parts  of  the  country,  it  is  neces- 
sary-that  they  be  referred  to  a  conmiOQ  elevation.  For  this 
common  standard,  the  mean  level  of  the  sea,  naturally  presents 
itself  as  the  most  suitable,  admitting,  by  its  very  natnre  and 
universal  access,  of  easy  reference. 

A  base  measured  on  an  elevated  plain  is  thus  reduced  to  its 
proper  measure  at  the  level  of  the  sea. 

Let  r  =  raditis  of  &e  earth  (supposed 
to  be  spherical)  at  the  level  of  the  sea. 
r  +  A  ^  radius  at  the  level  of  the  mea- 
sured base. 

A  ^  measured  base  AB 
a  •=  reduced    base   ah 

Then  because  aimilar  arcs  are  in  the 
same  ratio  as  their  radii,  we  have 

r  +  A:  r  ::  A:  a 
which  gives  a  ^ — ^-j  =  A  fl  +  — )        which  expand- 
ed by  common  division  becomes 

—   -^  +  &c  ... 

Subtractuig  both  sides  of  the  equation  from  A,  there  will  arise 
.  AA      AA»    ,    AAJ       _ 

which  is  the  rectnired  expression  for  the  redaction  of  the  mea- 
sured line  to  the  level  of  the  sea,  and  in  which  it  will  never 
be  necessary  to  use  more  than  the  first  term. 
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As  an  example  to  illustrate  this  formula,  we  will  take  the 
Base  Line  measured  b;  CoL  Lambton,  in  1815,in  the  Valley  of 


Metunred  len^  of  the  Base  Line     A    =i       30809.07    Lo^.        4.43868 

eea  level t 

Mean  radios  of  the  earth, r    9K20e8ei53.        Log.  AC  868010 

Reqniied  oorrectioii, 2.89  0.46037 

whicb  deducted  from  the  measured  base  will  give  its  length  at 
the  sea  level. 

Before,  however,  deducing  the  real  length  of  the  line,  the 
manner  of  determining  the  length  of  the  rods  most  be  attend- 
ed to.  Twenty-five  feet  rods,  about  If  inches  by  1^,  have  been 
made  nse  of,  and  four  rods  placed  together,  compared  with 
the  Standard  Chain.  The  gradnation  of  one  of  these  rods 
again  may  be  made  with  a  two-feet  Gimter's  Brass  Standard 
Scale,  and  the  other  three  compared  with  it,  as  a  check  on  the 
operation ;  but  such  a  length  and  thickness  of  rod  require  a 
large  number  of  stands,  or  trestles  to  support  it  For  on© 
pair  of  such  rods,  nine  stands  would  not  be  too  many,  at  a 
distance  of  6^  feet  apart — twelve  feet  tods,  therefore,  may 
he  deemed  preferable.  A  good  Beam  Compass,  with  metal 
points,  may  be  used  for  taking  off  the  divisions,  which  should 
he  laid  down  several  times  over  by  means  of  dots  and  arcs  j 
studs  of  ivory  having  been  for  greater  accuracy  let  into  the 
wood,  on  which  the  arcs  may  be  drawn;  the  beam  should 
then  a  second  time  be  compared  with  the  scale,  after  the 
stepping,  or  dividing  is  concluded,  and  half  the  difference  (if 
any)  applied  as  a  correction,  the  Thermometer  being  noted 
before  and  after  the  mean  is  taken.  The  two  tods  after  being 
divided,  must  be  duly  compared  with  each  other,  being  firmly 
tied  together  and  laid  on  a  smooth  table,  planed  exceedingly 
true.     The  comparison  with  the  Steel  Chain  requires,  that  the 
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latter  shoald  be  fairly  stretched  with  a.  weight  of  aboat  19  lbs., 
and  dne  allowance  made  for  the  expansion  of  the  metal,  which 
has  been  found  to  be  -OOyS  inches  for  every  1"  of  Fahrenheit 
on  100  feet  The  employment  of  the  Chain  in  measoring  a 
Base  Line  not  only  occupies  an  immense  period  of  time  in  the 
operation  itself,  but  still  more  so  in  the  preparation  of  coffers 
and  stands,  which  latter  require  elevating  screws  and  are  not 
t«  be  made  without  extreme  difficulty,  in  most  of  the  situations, 
in  which  Surveyors  find  themselves  in  this  country.  An 
expeditious  method,  and  one  requiring  hardly  any  apparatus, 
is  to  drive  stout  pickets  into  the  ground  at  distances  of  twelve 
feet,  and  with  a  rod  of  this  length  well  trussed  and  famished 
with  points,  forming  in  some  measure,  a  large  Beam  Compass, 
die  exact  length  may  be  set  off  from  picket  to  picket  The 
measurement  bdng  conducted  so  near  Hib  ground,  occaaons 
however  great  unea^ness  in  the  position,  and  it  is  well  known 
how  essential  an  easy  position  is,  to  correct  operations  of  every 
kind,  the  plan  may,  nevertheless,  be  found  useful,  where  only 
a  tolerable  degree  ot  exactness  is  necessary. 

The  Base  Line,  determined  as  described  above,  may  be  made 
the  origin  of  a  series,  or  of  a  network  of  triangles  as  may  be 
required.  After  the  Trianguktion  has  traversed  over  a  certain 
extent  of  country  (say  150  or  200  miles)  one  of  the  computed 
distances,  when  conveniently  sitoated  for  the  purpose,  is  again 
measured  with  the  same  care  and  attention  to  muiutdse  as  were 
bestowed  on  the  measurement  of  the  original  Base  Line.  The 
Iiine  measured  is  called  the  Base  of  Verification.  Its  object  is 
by  comparing  the  result  of  the  computation  with  that  of  the 
measnremeDt,  to  check  the  error  of  the  Triangnlation. 

After  the  measurement  of  the  Base  Line  at 

Seieotion  of  Sto-    ^^  °"g»"  °^  *^«  SuTvey,  the  next  step  is  the 

^'"■*-  selection  of  the  Stations  for  the  Triangnlation, 

or  the  division  of  the  country  to  be  sarveyed 

into  a  series  of  large  triangles,  the  angles  of  which  are  placed 

at  Stations  clearly  visible  from  each  other. 
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The  moat  conspicuous  Stations  are  selected  as  Trigonome- 
trical points  and  are  chosen  with  reference  to  their  relative 
positions — as  the  nearer  these  triangles  approach  to  being 
equilateral,  the  less  wiU  l>e  the  error  in  the  resulting  sides 
consequent  on  any  slight  inaccuracy  in  the  obserred  angles ; 
but  this  being  difiicult  in  practice,  the  rule  is  to  admit  no 
angle  under  30°  or  above  90°,  The  main  series  of  the  Tri- 
angulation  should  consist  of  triangles  as  large  as  the  natural 
features  of  the  country  will  admit  of — from  15  to  20  miles  is 
a  very  convenient  distance  for  Principal  Stations  in  hilly 
countries,  because  objects  can  be  seen  at  such  distances  without 
much  difficulty  in  ordinary  conditions  of  the  atmosphere. 
If,  as  is  frequently  the  case,  the  highest  peaks  are  inaccessible, 
it  will  be  necessary  to  adopt  a  lower  point,  altliough  the 
greatest  effort  should  of  course  be  made  to  reach  the  summit 
when  practicable;  in  the  case  of  a  lower  point  being  used 
care  must  be  taken  that  the  view  is  clear  in  the  direction  of 
the  Stations  in  advance. 

It  is  the  practice  to  mark  all  spots  where  angles  are  taken 
whether  they  be  Principal  or  Secondary  Stations.  The  mark 
is  a  dot  with  a  concentric  circle  cut  on  stone  by  means  of  a 
pointed  chisel.  If  the  mark  can  be  engraved  on  the  rock 
Ml  nfti,  so  mnch  the  better,  otherwise  a  large  stone,  properly 
marked,  ought  to  be  bnried  in  die  ground ;  over  this  a  small 
platform  is  rtused,  on  the  summit  of  which  another  markstone 
is  inserted,  and  fixed  truly  vertical  over  the  lower  one.  The  - 
distance  between  the  two  marks  should  be  recorded,  but  all 
measurement  and  observations  are  usually  referred  to  the 
upper  mark  and  are  stated  to  be  sa 

Sometimes,  on  account  of  intervening  obstacles,  it  is  neces- 
sary to  raise  the  platform  to  a  considerable  height,  in  which 
case  several  markstones  are  always  inserted  and  their  relative 
heights  recorded. 

For  Principal  Stations  it  is  necessary  to  make  that  part  of 
the  platform,  on  which  the  instrument  stands,  separate  and  dis- 
3  c 
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which  the  observer  and  hia  assistants  walk, 
then 


tinct  irom  that  ( 
The  instrument 
said  to  he  "  duly  isola- 
ted." Unless  this  pr^ 
caution  is  tak^i,  good 
angles  cannot  be  ex- 
pected as  the  instm- 
ment  -will  be  liable  to 
irregular    disturbance, 

according  to  the  position  of  the  observer.  The  annular  space 
between  the  observer's  stage,  and  the  central  pier,  should  be 
filled  up  with  gravel,  or  sand,  otherwise  screws  and  other 
parts  of  the  apparatus  may  be  lost  Besides  the  upper  mark- 
stone  it  is  usual  to  imbed  on  the  pier  three  picked  fiat  heavy 
stones  for  the  tripod  of  the  instrument  to  stand  upon,  these 
are  called  "  feet  stones."  It  is  not  usual,  if  it  can  be  avoided, 
to  make  isolated  platforms  at  Secondary  Stations  in  localities 
where  the  ground  is  very  unsteady,  such  as  deep  black  cotton 
soil,  it  may  be  practicable  to  steady  a  Theodolite  by  using 
pickets  4  feet  long,  and  driving  them  into  the  ground,  for  the 
stand  of  the  Theodolite  to  rest  upon,  as  described  before  at 
page  328.  The  pickets  isolate  themselves  for  at  least  one  foot 
in  driving,  but  this  precaution  can  only  be  taken  at  a  new 
Station,  otherwise  the  mark  would  be  diatnrbed. 

As  soon  as  all  the  observations  have  been  taken  at,  and  to, 
.  any  Station,  and  it  is  no  longer  required  for  the  purposes  of 
the  Trigonometrical  Survey,  it  should  have  the  pole  and 
brush  and  pile  of  stones  erected  on  it,  as  shewn  at  page  396,  in 
order  that  it  may  be  visible  to  the  detaU  Surveyors.  This  pre- 
caution has  the  fiuther  advantage  of  protecting  the  markstones. 

As  the  measured  bases  average  &om  5^  to  7^  miles,  it  wiU 
perhaps  be  useful  to  point  out  a  convenient  method  of  deriv- 
ing by  means  of  symmetrical  triangles,  sides  of  continuation 
of  15  to  20  miles  in  length  &om  a  comparatiTely  small 
measured  distance. 
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On  reference  to  the  annexed  sketch,  which  is  extracted  fjrom 
Col.  Everest's  plan  of  the  Great  Arc  Series,  it  will  be  seen 
that  the  first  triangle  formed  upon  the  measured  base  is  nearly 
isosceles.  If  it  had  been  perfectly  isosceles  with  an  angle  of 
30°  at  the  vertex,  then  the  two  longest  sides  which  can  be 
derived  simultaneously  &om  a  given  distance  would  have 
been  obtained :  a  result,  which  it  will  be  perceived  has  been 
approximated  to  as  nearly  perhaps  as  the  configuration  of  the 
country  wouM  have  allowed,  by  the  first  triangle  in  the 
sketch. 

Again,  upon  one  of  the  long  distances  (east  end  Base  to 
Banog)  furnished  by  this  triangle,  triangle  No.  2  is  formed,  the 
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base  whereof  (13^  mileaiu  lengtb)  being  opposite  tothestn^- 
est  angle,  the  other  two  sides  respectively  measure  18J  and 
20|  miles.  The  longer  of  these  distances  (Amsot  to  Banog) 
the  extremities  of  which  being  defined  by  high  peaks^  forms 
therefore  a  convenient  base  of  continuadon,  for  the  extension 
of  the  Triangulation  to  the  north  and  soath  as  may  be 
required. 

The  signals  used  for  Trigonometrical  Sur- 
veys in  former  times  were — 
^•^^  1st      riags. 

2nd.    The  Pole  and  Brush. 

3rd.     Blue  Lights. 

4th.     Vase  Lights. 
Flags  are  unfavorable  for  distant  Stations  because  the  Staff 
cannot  be  seen,  and  the  cloth  is  of  course  blown  aside  by  the 
wind.     The  flags  for  Principal  Stations  used  to  be  12  feet 
square,     one-half  being  blue    and  the    other    half    white. 
Those  for  Secondary  Stations  are  6  feet  square.     The  blue 
and  white  cloth  should  be  placed  one  above  the  other,  and 
not  side  by  side.     The  pole  and  brush  is  erected  thus.     A  long 
str^gbt  pole  is  selected,  upon  the  top  of  which  a  brush  of 
twigs  is   fastened;    the  pole  is  placed  truly  perpendicular 
orer  the  Station  mark,  and  a  pile  of  stones  raised  round  it,  by 
means  of  which  it  is  securely 
fixed.      The    diagram    in    the 
mai^in  will  give  a  clear  idea 
of  this  signal,  which  is  a  very 
economical  and  useful  opaque 
object    for    day    observation. 
The  pile  of  stones  may  be  5  or 
.    6  feet  high  and  the  pole  about 
as  much  longer. 

Blue  lights  are  very  powerful 
and  can  be  seen  at  distances  of 
50  or  60  miles.   They  are  also 
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nseiiil  at  nearer  distances  in  hazy  weather,  when  other  signals 
are  not  Tisible ;  if  not  carefully  sheltered  from  the  wind  by 
grass  screens,  the  flame  is  liable  to  be  blown  aside.  On  this 
acconnt  it  was  the  practice  of  CoL  Everest,  the  late  Sur- 
veyor General  ot  India,  to  bum  them  behind  an  iron  screen,  in 
which  an  aperture  had  been  cat  3  or  3^  inches  in  diameter, 
and  the  centre  thereof  was  doly  plununed  over  the  Station 
mark.  The  blue  light  fastened  on  the  end  of  a  stick,  was  held 
carefully  behind  this  hole,  and  no  part  of  the  flame  coold 
therefore  be  visible  to  the  distant  observer,  except  through 
the  circtdar  apertmre,  which  having  been  adjusted  over  the 
Station,  ensured  accuracy. 

Blue  lights  being  aspenaive  articles  cannot  be  kept  constant- 
ly burning,  but  are  fired  at  regular  intervals  of  time  by  an 
assistant.  They  are  usually  cut  in  lengths  to  bum  abont  4 
minutes  and  are  fired  at  5  minute  mtervals,  which  enables 
the  observer  to  read  off"  the  observation,  and  also  to  observe 
and  read  ofiF  the  referring  lamp.  After  every  second  or  third 
blue  light  a  longer  interval  of  say  10  minntes  or  ^  of  an  hour 
is  allowed  to  elapse,  in  airier  to  allow  time  for  changing  zero 
of  the  instrument,  which  will  be  described  hereafter.  To  pre- 
vent confusion  blue  light  angles  are  always  taken  with  a  refer- 
ring lamp  as  shown  in  the  diagram.  Sup- 
posing  for  example  the  observer  is  at  A  1\, 
and  has  to  observe  B,  C,  D,  E,  by  means  of  \ 

blue  lights,  a  convenient  mark  is  selected  I  ^^ 
at  say  B  about  2  to  3  miles  distant,  and  a 
lamp  is  constantly  burned  there,  during  !\ 
the  lime  of  night  observations,  and  dur- 
ing the  day  a  flag  stafi",  or  light  vane,  is  used. 
Suppose  the  blue  lights  are  first  fired  at 
Station  B,  then  after  every  intersection 
of  Station  B,  the  readings  are  noted,  the  Telescope  is  then 
turned  to  R  and  the  readings  thereof  noted,  whence  the  angle 
BAR  is  deduced  by  direct  observation.    Similarly  at  another 
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period  of  the  same  niglit,  or  the  next  night,  tite  ZCAR  is  taken, 
and  BO  forth,  whereby  the  Z.  BAG  may  be  deduced  by  Uie 
equation  BAR  —  CAR  =*  BAG.  The  angle  GAD  by  the 
equation  GAR  +  DAR  =■  GAD  and  so  on.  It  is  a  rule,  that 
if  any  porUon  of  the  series  of  angles  is  taken  with  a  referring 
lamp,  the  whole  are  to  be  taken  in  the  same  manner,  otherwise 
confusion  would  arise ;  also  in  taking  the  series  of  observa- 
tions required  for  determining  GAR,  the  readings  of  R  must 
always  be  the  same  within  a  minute  or  two,  with  the  view 
of  measuring  the  angle  BAG,  on  entire  arcs  of  the  limb 
agreeably  to  the '  system  practised  in  the  Great  Trigono- 
metrical Surrey,  explained  in  the  sabsequent  part  of  this 
Chapter. 

Vase  lights  w^e  invented  by  CoL  Everest  nearly  30  years 
ago  and  completely  altered  the  operatdons  of  the  Great  Trigo- 
nometrical Survey  in  India,  which  had  previously  to  be  carried 
(m,  in  the  unhealthy  season  of  the  rains,  in  order  that  the  opaque 
signals,  such  as  flags,  mi^t  be  clearly  seen.  By  enabling  ob- 
servations to  be  rapidly  taken  at  ni^t,  the  progress  of  the 
work  was  also  much  accel^'ated.     ^ 

The  vase  light  consists  of  a  common  earthen  dish  about  10 
incites  in  diameter,  (more  or  less  according  to  distance,)  and 
filled  with  cotton  seeds  and  common  oil    This  is  placed 
upon  the  station,  and  to  prevent 
the  flame  being   blown  aside, 
a  large  earthen  pot  in  the  side 
of  which  an  aperture  has  been 
cat  is  inverted  over  the  dish, 
as  shewn  in  the  diagram,  an 
aperture  is  also  cut  in  the  top 
to  allow  the  smoke  to  escape. 
Further  protection  is  nec^sary 
from  high  wind,  by  means  of 
grass  screens  and  blankets,  leav- 
ing merely  the  requisite  opening  in  the  direction  of  the  ob- 
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server.     The  materials  for  this  light  are  procnrable  in  nearly 
every  village. 

Trigonometrical  operations  Jn  Southern  India  were  entirely 
condacted  by  means  of  the  foregoing  signals,  more  especially 
the  vase  light  for  Principal  Stations,  and  the  pole  and  brush  for 
Secondary  Points.  During  the  last  17  years  however,  signals 
of  modem  invention  have  been  employed  on  account  of  their 
superior  economy,  convenience  and  power.  These  consist  of  He- 
liotropes, Argand  reverberatoiy  lamps,  and  Dmmmond  lights. 
The  latter  surpass  all  previous  contrivances,  a  ball  of  lime, 
about  a  quarter  of  an  inch  in  diameter,  placed  in  the  focus  of  a 
parabolic  reflector,  and  raised  to  an  intense  heat  by  a  stream  of 
oxygen  gas  directed  through  a  flame  of  alcohol,  produces  a  light 
eighty  times  as  intense  as  that  given  by  an  Argand  burner,  and 
is  visible  even  in  hazy  weather  at  a  distance  of  60  and  80  miles. 

The  Heliotrope  consists  of  a  circular  piece  of  flat  plate  glass 
mirror,  about  9  inches 
in  diameter,  with  a 
small  unsilvered  aper- 
ture in  the  centre  about 
0.1  of  an  inch  in  diame- 
ter as  represented  in 
the  Jigure.  This  mir- 
ror is  mounted  on  a 
&ame  which  stands  on 
a  tripod  for  the  sake  of 
steadiness. 

The  frame  admits  of  the  looking-^lass  being  turned  on  a 
horizontal  axis  as  well  as  on  a  vertical  axis.  These  two 
motions  in  altitude  and  azimuth  are  regulated  by  means  of 
rack  work  and  they  permit  the  reflection  of  the  sun's  rays  to 
be  turned  in  any  required  direction.  In  order  that  it  may  be 
directed  truly  to  the  observer,  a  ring  with  cross-wires,  is 
placed  at  a  distance  of  about  3  feet;  the  signal  man  then 
looks  through  the  unsilvered  aperture  in  the  centre  of  the 
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Heliotrope  and  moves  the  cross- 
wires  imtjl  they  intersect  the 
distant  station.  Thus  the  cen- 
tre of  the  Heliotrope,  the  centre 
of  the  wires,  and  the  observer's 
station  form  one  right  line. 
Now,  if  by  means  of  tbe  rack 
work  the  mirror  is  moved  in 
altitude  and  in  azimnth  nntil 
the  son's  rays  fall  on  the  wires, 
it  a  evident  that  the  light  will 
proceed  straight  to  the  obser- 
ver's Station ;  bnt  the  pencil  of  rays  most  be  doly  bisected 
by  the  wires,  which  intersection  can  be  managed  with  ease 
and  delicacy,  by  means  of  a  little  circle  of  white  paper  placed 
at  the  crossing  of  the  wires,  npon  which  paper  the  reflection 
of  the  little  aperture  in  the  centre  of  the  mirror  may  be  seen 
like  a  small  dark  speck.  Wh^i  the  weather  is  hazy,  the  signal 
man  will  of  course  be  unable  to  see  the  observer's  station,  in 
which  case,  unless  a  nearer  mark  has  been  given  to  guide  him 
or  a  directing  line  has  been  drawn  for  him,  he  wiU  be  so  far 
helpless.  Under  such  circumstance,  the  observer  ought  to 
direct  one  or  more  Heliotropes  towards  the  man  and  keep  them 
playing  until  fae  has  adjusted  his  apparatus.  Similarly,  if  the 
man  is  careless  and  neglects  to  keep  the  sun's  rays  constantly 
shining  in  the  true  direction,  the  observer  has  only  to  flash  a 
Heliotrope  at  Hm,  to  keep  him  alert 

A  Heliotrope  of  9  inches,  will  answer  for  90  or  100  miles; 
for  nearer  distances  it  is  much  too  bright  to  be  observed 
through  a  Telescope,  and  the  light  must  be  diminished  in 
the  following  proportion.  For  distances  of  2  or  3  miles 
(the  usual  distance  of  a  referring  mark)  an  aperture  of  0.26  of 
an  inch  will  answer,  and  for  longer  distances  about  0.1  of  an 
inch  of  aperture  per  mile  of  distance  will  suffice,  viz.  an  inch 
for  10  miles,  2  inches  for  20  miles,  and  so  on,  provided  always 
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tlie  apparatus  is  carefoUy  adjusted  and  the  man,  wbo  works  it, 
is  alert  and  skilfo]. 

These  apertures  are  cat  in  a  board  which  stfuidsapon  3 
feet  (as  shewn  in  the  figure)  by  means 
of  which  the  centre  of  the  aperture 
can  be  adjosted  pinmb  over  the  Station 
mark.  This  board  is  called  a  Sight 
Vaoe,  and  stones  are  placed  on  the  tail 
piece  to  prevent  its  being  disturbed 
by  the  action  of  the  wind.  If  this 
»^t  vane  be  used,  the  wires  before 
described  are  unnecessary,  because 
cross-hairs  can  be  fixed  in  the  vane, 

and  will  become  a  sabatitate  for  the  wires.  The  Heliotn^  is 
in  this  case  placed  2  or  3  feet  in  rear  of  the  Sight  Vane,  and 
moved  laterally  and  vertically,  until  the  eye  applied  to  the 
centre  unsUvered  dot,  views  the  observer's  station  and  the 
cross-hairs  in  one  line.  The  Heliotrope  most  be  secured  in 
this  position,  and  the  means '  of  doing  so  will  readily  suggest 
themselves.     It  is  needless  to  say  that  it  must  be  quite  firm. 

A  very  good  substitute  for  a  regular  HeUotrope  has  been 
frequently  made  out  of  a  good 
look ing^lass, with  a  flat  sur&ce. 
A  small  hole  is  drilled  through 
the  centre  of  the  back  board  of 
the  looking-glass  and  the  silver- 
ing scraped  off.  This  aperture 
should  be  tnily  centrical  The 
looking-glass  is  then  swung  in 
a  frame  of  wood  in  such  a  way 
that  the  axis  of  motion  shall 
pass  through  the  unsilvered 
aperture.     This  frame  is  fixed 

upon  a  vertical  axis  which  ought  also  to  coincide  with  the  unsil- 
vered dot  in  the  mirror.  Finally,  the  vertical  axis  ia  planted  on  a 
board  with  3  foot  screws  for  adjustment     They  have  been  fre- 
3  D 
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qaently  used  with  saccess,  on  the  subordinate  series  of  the  Great 
Trigonometrical  Survey  as  well  as  in  the  Revenue  Survey,  and 
being  povr^^  as  well  as  economical  instromenta,  they  will  be 
found  very  useful.  By  means  of  them  and  vase  lights,  work  can 
be  carried  on  with  great  rapidity,  because  the  only  limit  to  the 
times  at  which  obaervatlonB  can  be  made  will  be  &om  9  o'clock 
A.  H.  to  2^  or  3  o'dock  p.  h.  But  the  Heliotrope  is  more  parti- 
cularly recommended  for  the  purpose  of  taking  vertical  angles 
with  certiunty  between  the  hours  of  2|  and  3|  aflemoon,  which 
is  the  time  of  minimum  refraction,  because  verticals  taken  at  any 
other  times  are  subject  to  great  irregularities,  whereby  heights 
deduced  from  them  are  nearly  worthless.  Luminous  objects  are 
much  more  correctly,  rapidly,  and  comfortably  observed  than 
opaline  ones,  which  if  distant,  are  always  faint,  and  disappear 
when  brought  near  the  wire  of  the  Telescope^ 

In  advancing  the  Field-work,  it  is  neces- 
ou^g.  »"r  tl^**  ^^  angles  be  read  on  the  whole 

limb  of  the  Theodolite,  for  thus  the  error 
of  graduation  is  obviated.  It  is  also  to  be  borne  in  mind,  that 
the  real  basis  of  all  angular  measurements  is  the  graduation  of 
the  Theodolite.  Suppose  a  12-inch  Theodolite  is  used,  and  the 
udes  of  a  triangle  are  about  10  miles,  the  chord  of  the  angles 
on  the  Theodolite  will  be  little  more  or  less  than  6  inches,  and 
the  accuracy  of  the  angle  depends  on  the  graduation  defining 
this  chord  with  great  precision.  The  space  on  the  Theodolite, 
in  fact,  represents  in  miniature  the  actual  space  in  the  Field, 
hence  the  necessity  for  ffreat  care  when  angular  measurements 
are  concerned.  From  this  follows  the  necessity  to  change 
zero,  and  to  take  care  that  the  Theodolite  is  an  absolute 
fixture ;  the  least  shake  in  the  ground  ruins  the  angle.  The 
instrument  must  be  placed  on  firm  ground,  such  as  rock,  or 
other  methods  adopted  for  isolating  the  instrument  £rom  the 
observer.  On  account  of  the  want  of  finnness  and  immobility 
of  the  folding  stands,  for  7-inch  and  smaller  sized  Theodolites, 
they  have  now  been  discarded  both  from  the  Trigonometrical 
and  Revenue  Survey  departments,  and  braced  tripod  head-stands 
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substituted  as  described  in  page  130.  These  also  form  a  good 
stand  for  the  plane  table  or  drawing  board,  so  that  after  the 
ftngnlftf  work  is  completed,  the  Surveyor  can  sketch  in  the 
gcoond.  A  good  7'inch  Troughton  and  Simma'  Theodolite 
mounted  in  this  way,  and  always  placed  on  firm  ground,  un- 
shakable by  the  observer,  wil!  give  excellent  work  for  minor 
triangulation,  provided  proper  signals  are  nsed. 

All  observationa  taken  to  elevated  objects  are  subject  to  two 
great  sources  of  errors,  arising  from  dislevelment  of  the  transit 
axis,  and  want  of  adjustment  for  the  collimation.  These  causes 
of  enae  are  generally  large  in  small  instruments,  and  althongh 
capable  of  practical  adjustment  and  rectification,  still  adjust- 
ments do  not  long  remain,  hence  the  system  of  observation 
should  have  the  property  of  cancelling  all  such  residual  errors. 
This  system  is  merely  change  of  face,  i,  a,  observing  alter- 
nately with  the  vertical  iace  to  the  right  and  left;,  whereby 
the  errors  of  collimation  and  dislevelment  of  transit  axis  are 
completely  eliminated.  Too  much  regard  cannot  be  paid  to  this 
principle  in  all  horizontal  angles,  whether  to  elevated  or  non- 
elevated  objects,  for  as  it  is  easily  practised,  so  is  the  effect 
complete.  No  confidence  can,  in  fact,  be  placed  in  observations 
on  a  single  iace,  unless  there  is  evidence  of  the  perfect  adjust- 
ment of  the  instrument  and  such  evidence  is  never  forthcoming. 

The  angles  at  a  Station  are  taken  thns,  supposing  the 
observer,  at  A,  and  the  signals,  at  B,  C,  D 
and  E,  are  all  visible,  the  instrument  is 
carefully  levelled  and  adjusted  and  so 
fixed  that  some  Station,  B  for  instance, 
reads  0  or  zero,  then  B  is  called  the 
zero  point  Suppose  the  Telescope  to  be 
brought  up  from  the  left  hand  of  B  and 
turned  gentiy,  bo  that  B  may  enter  the 
field  of  view  and  come  near  the  centre 
wire,  but  not  pass  over  it  Then  damp 
the  instrument  and  complete  the  bisec- 
tion of  B  by  using  the  tangent  screw  of 
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slow  motion.  Bead  off  all  the  micrometers  or  verniers, 
and  let  an  assistant  record  the  readings  in  a  &ir  legible 
hand  in  the  angle  boot.  Look  again  into  the  Telescope  and 
see  that  B  remains  bisected ;  if  found  correct,  then  carefully 
nnclamp  and  move  the  Telescope  gently  towards  0,  taking 
care  not  to  overshoot  it;  Clamp,  bisect  and  read  off  as  before, 
and  so  on  for  D  and  K  A  complete  round  of  observations 
at  zero  0,  taken  by  a  ccoitinnoas  motion  of  the  instrument 
from  left  to  right,  will  thus  be  obtained.  Now  overshoot  the 
Station  E,  and  bring  the  Telescope  back  by  a  continnons 
motion  from  right  to  left^  observing  each  Station  in  succession 
and  recording  the  readings;  this  will  give  a  second  set  at 
zero  0,  which  will  suffice.  It  is  the  practice  of  the  Trigono- 
metrical Survey  to  make  always  one  repetition  at  least,  in 
order  that  mistakes  may  not  creep  in,  and  pass  undiscovered. 

Now  turn  the  Telescope  over  180°  in  altitude  and  round 
180°  in  azimuth,  so  that  if  the  face  of  the  vertical  circle  were 
previously  to  the  left  hand,  it  will  now  be  to  the  right  hand 
of  the  observer,  B  will  then  read  180°,  and  this  is  called  zero 
180°  F  R,  (face  right)  the  former  position  being  zero  0"  F  L, 
(face  left.)  Proceed  as  before  and  take  two  sets  of  observations, 
the  motion  of  the  instrument  being  in  one  set  continuous  from 
left  to  right,  and  in  the  other  from  right  to  leftj,  as  before. 

Now  if  the  instrument  be  supplied  with  an  uneven  number 
of  micrometers,  3  for  instance,*  it  is  clear  that  at  zero  0 
the  readings  will  be  at  0°,  120°  and  240°,  while  the  readings 
at  zero  180°,  will  be  at  180°,  300°  and  60°,  whereby  these  two 
zeros  ^ve  readings  at  every  60°  of  the  limb.  It  is  the  practice 
on  the  Great  Trigonometrical  Survey  to  take  observations  at 
every  10°  of  the  limb  for  the  purpose  of  eliminating  errors  of 
graduation.  This  object  is  accomplished  by  shifting  the  body 
of  the  instrument,  so  that  the  zero  station  may  successively  read 
0°,  10°,  20°,  30°,  40°  and  50°,  which,  with  the  respective  opposite 


■  The  great  or  24-itich  TheodoliCee  liave  6  mlcroecopee.    Tbe  18-iach 
ments  have  3  iDicroKopes,  nod  the  IS,  and  7  and  S-ineh  hmt  3  vernieiB. 
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feces,  viz.,  180°,  190°,  200°,  210°,  220'  and  230°,  gives  every 
\0P  of  the  limb  as  required. 

When  two  observations  of  the  same  angle  are  made  in  tho 
way  described  before  on  any  part  of  the  limb,  they  will  occa- 
sionally exhibit  a  difference  much  greater  than  will  be  war- 
ranted by  the  power  of  the  Theodolite  used.  When  this  hap- 
pens, it  is  customary  to  take  a  third,  a  fourth,  and  sometimes 
even  a  fifth  observation  on  tlie  same  zero,  so  that  the  mean 
result  may  be  affected  as  litUe  as  possible  by  the  discrepancy 
above  adverted  to. 

Whatever  however  may  be  the  number  of  observations  mado 
on  any  part  of  the  limb,  their  arithmetical  mean  is  computed 
and  treated  as  an  integral  observation.  For  an  angle  there- 
fore which  has  been  observed  on  a  given  number  of  zeros,  there 
will  be  the  same  number  of  integral  observations  deduced,  the 
arithmeticfU  mean  whereof  is  the  true  value  of  the  angle. 

It  ia  a  fixed  rule  in  the  Great  Trigonometric-al  Survey 
never  to  reject  an  observation,  unless  there  be  some  obvious 
error  in  it,  the  circumstance  of  its  diSering,  however  widely 
from  the  mean,  is  not  of  itself  a  sufficient  cause  for  its  ex- 
pnnction. 

The  extent  of  operations  on  a  Revenue  Survey  does  not, 
however,  call  for  this  extreme  precaution,  and  as  the  vernier 
of  a  12-inch  instrument  is  graduated  to  10  seconds,  and  by 
estimation  reads  5  seconds,  no  good  purpose  would  be  attained 
by  multiplying  observations  to  the  above  extent,  and  readings 
at  every  30°  are  sufficient  Upon  tiiis  principle  the  zeros  to 
be  adopted,  are  0°  and  180°,  30°  and  210°,  whereby,  with  2  sets 
at  each,  there  will  be  8  sets,  fi'om  which  a  good  mean  result 
may  be  derived,  and  a  smaller  number  of  observations  for 
primary  triangulation  of  the  Kevenue  or  detail  Survey,  would 
not  be  satisfactory. 

It  is  clearly  to  be  understood  that  the  change  of  zero  should 
be  regular,  that  is  to  say,  that  the  readings  should  be  uniformly 
distributed  at  ec^nal  intervals  round  the  limb,  otherwise,  the 
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probability  of  eliminating  the  errors  of  graduation  will  bo 
diminiahed. 

In  the  foregoing  instructions  the  aignale  at  all  the  Stations 
bave  been  supposed  to  be  simultaneously  visible,  which  is  fire- 
qnentJy,  but  not  always  the  case.  It  is  generally  so  when 
lamps  are  used  at  mght,bat,  when  Heliotropes  are  employed,  it 
is  evident  that  an  eastern  Station  will  be  seen  with  diiBcuIty  in 
the  morning,  whereas  in  the  evening  the  Heliotrope  will  shine 
vividly,  and  vice  versd  in  the  case  of  a  western  Station,  similar^ 
ly  there  will  be  great  changes  in  the  appearance  of  Bags  as  tho 
position  of  the  sun  varies.  Under  these  circumstances,  the 
observations  cannot  always  be  taken  in  regular  rounds  in  the 
simple  manner  before  described.  The  best  plan  in  this  case  is 
to  nse  a  referring  mark,  and  connect  each  Station  therewith  at 
Bocb  times,  as  may  be  most  convenient  for  observation.*  This 
arrangement  involves  the  necessity  of  &equcntiy  shifting  the 
instrument  so  as  to  return  to  former  zeros,  and  care  must  be 
taken  that  on  each  recurrence,  the  referring  lamp  be  made  to 
read  nearly  the  same  minutes  and  seconds  as  before.  It  is 
usual  but  not  essential  to  make  the  referring  lamp  the  zero 
Station.  If,  however,  there  be  among  any  of  the  prmcipal 
Stations  to  be  observed,  one  peculiarly  well  situated,  with  every 
{OTobabilit^  of  being  visible  at  all  hours,  it  may  conveniently 
be  adopted  and  treated  as  a  referring  mark,  whereby  the 
extra  labor  of  observing  a  supplemental  point  will  be  saved. 

The  observations  are  to  be  recorded  in  a  book,  the  method  of 
keeping  which  will  be  understood  from  the  subjconed  specimen. 
The  headings  of  the  different  colnnms  are  so  explicit,  that  no 
fiirther  explanation  ot  them  appears  necessary.  The  written 
characters  L  and  R  in  the  column  entitied  "  face  and  zero," 
mean  face  left  and  &ce  right,  alluding  to  the  position  of  the 
vertical  circle;  and  the  figures  0°,  180°,  &c.,  annexed  to  those 
characters,  refer  to  the  zeros. 

*  The  method  of  deducing  utiles  when  areleiriD^  mai'k  has  been  miide  uae  of, 
ha«  alrandy  been  explained  ut  pnge  397. 
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The  angle  book  should  on  no  account  ever  be  suffered  to 
fall  in  arrears.  The  original  should  be  examined  by  two  com- 
puters, and  attested  by  their  signatures,  and  the  name  of  the 
observer  should  be  recorded.  The  duplicate  should  be  com- 
pared with  the  original  by  two  persons  and  likewise  attested  by 
their  signatures.  It  is  a  standing  rule  in  order  to  exclude 
errors,  that  all  computations  and  comparisons  should  be  per- 
formed independently  by  two  persons,  and  attested  by  their 
signatures,  and  unless  such  precautions  have  been  observed, 
the  results  are  considered  untrustworthy  as  final  work. 

It  is  convenient  to  keep  an  Observatory  Memorandum  Book, 
for  the  purpose  of  registering  all  sorts  of  remarks,  and  it  is 
usual  to  insert  in  this  book  the  results  of  observations,  as  they 
are  taken,  in  order  that  the  observer  may  be  able  to  see  at  a 
glance  how  the  work  is  progressing. 
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CHAPTER  XVII. 


On  the  Oomptttation  op  Geodbtioal  Tbianqleb. 

With  respect  to  the  angles  thus  observed,  and  the  triangles 
formed  from  them,  they  are  not,  rigorously  speaking,  plane, 
bnt  spherical,  existing  on  the  surface  of  a  sphere,  or  rather,  to 
speak  correctlyj  of  a  spheroid.  In  small  triangles,  of  six  or 
seven  miles  in  the  sides,  this  consideration  may  be  neglected 
as  the  difference  is  imperceptible;  but  in  larger  ones  it  must 
be  taken  into  consideration. 

It  ia  evident  that  as  every  object  used  for  pointing  the 
telescope  of  a  Theodolite  has  some  certain  elevation,  not  only 
above  the  soil,  but  above  the  level  of  the  sea ;  and  as,  more- 
over, these  elevations  differ  in  every  instance,  a  reduction  to 
the  horizon  of  all  the  measured  angles  would  appear  necessary. 
But  in  fact,  by  the  construction  of  the  Theodolite,  which  is 
nothing  more  than  an  altitude  and  azimuth  instrument,  this 
reduction  is  made  in  the  very  act  of  reading  off  the  horizontal 
angles. 
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Let  E  be  the  centre  of  the 
earth ;  A,  B,  C,  the  places  on 
its  spherical  surface  to  which 
the  three  stations,  A,  P,  O,  in  a 
country  are  referred,  by  radii 
EA,  EBP,  ECO.  If  a  Theodo- 
lite be  stationed  at  A,  the  axis 
of  its  horizontal  circle  will  point 
to  E  when  truly  adjusted,  and 
its  plane  will  be  a  tangent  to 
the  sphere  at  A,  intersecting 
the  radii  EBP,  ECO,  at  M  and 
N,  above  the  spherical  surface. 
The  telescope  of  the  Theodolite, 

it  is  true,  is  pointed  in  succession  to  P  and  O ;  but  the 
readings  of  its  azimuth  circle  give, — not  the  angle  PAO  be- 
tween the  directions  of  the  telescope,  or  between  the  objects 
P,  O,  as  seen  from  A,  but  the  azimuthal  angle  MAN,  which 
is  the  measure  of  the  angle  A  of  the  spherical  triangle  BAC. 

The  true  way  then  of  conceiving  the  subject  of  a  Trigono- 
metrical Survey,  when  the  spherical  form  of  the  earth  is  taken 
into  consideration,  is  to  regard  the  network  of  triangles  into 
which  the  country  is  divided,  as  the  bases  of  an  assemblage  of 
pyramids  conver^ng  to  flie  centre  of  the  earth.  The  Theodo- 
lite gives  us  the  true  measures  of  the  angles  included  by  the 
planesof  those  pyramids;  and  the  surfiice  of  an  ima^nary  sphere 
at  the  level  of  the  sea,  intersects  them  in  an  assemblage  of 
spherical  triangles,  above  whose  angles,  in  the  radii  prolonged, 
tlie  real  stations  of  observation  are  rused  hj  the  superficial 
inei^nalities  of  mountain  and  valley.  *^  ^ 

Having  shewn  that  tlie  triangles  described  upon  the  surface 
of  the  earth  are  spherical  triangles,  we  will  now  proceed  to  lay 
down  the  rules  by  which  they  may  be  computed. 

One  property  of  a  spherical  triangle  is,  that  if  its  three  angles 
were  added  together,  their  sum  would  be  greater  than  "■  or 
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180°.*  Galling  therefore  A,  B,  C,  the  angles  of  a  spherical 
triangle,  we  shall  have  A  +  B  +  C  ^  ^  +  e. 

The  term  e  by  which  the  sum  of  the  angles  exceeds  a  semi- 
circle or  n-,  is  called  the  spherical  excess  of  the  triangle. 

On  a  little  consideration  it  will  be  evident  that  the  compu- 
tation of  the  spherical  excess  of  a  triangle  is  a  circnmstance 
of  great  moment,  for  nnless  that  term  is  known,  the  accnracy 
with  which  the  angles  have  been  observed,  can  never  be  ascer- 
tamed,  nor  as  it  wUl  afterwards  appear,  can  the  triangle  itself 
be  computed  as  a  spherical  triangle. 

The  rigorous  formula  as  established  by  writers  on  spherical 

trigonometry,  for  the  computation  of  the  spherical  excess  is  this: 

_     ,                 taniA.  tanlc.  sin  A 
Tan  i  c  =  ,   ,  ,     '      . — \- J 

"  1  +  tan^ft.  tanjc.  cos  A 

in  which  b  and  c  represent  the  two  spherical  sides,  the  former 
being  opposite  to  B  and  the  latter  to  C 

Although  this  formula  for  the  spherical  excess  possesses  a 
neat  and  compact  form,  it  is  far  from  being  susceptible  of  an 
easy  arithmetical  computation,  particularly  when  it  is  applied 
to  such  triangles  as  those  presented  by  a  Trigonometrical  Survey 
of  an  ordinary  description.  To  adapt  the  formula  therefore  to 
this  exigency,  it  will  require  to  be  evolved  into  a  series.  This 
done,  and  putting  r  for  the  mean  radius  of  the  earth,  tlie  value 
of  e  in  seconds  will  stand  as  follows : 

be  sin  A  cosec  1* 


e"  = 


ft'c  sio-t<  cosec  1' 
be'  sin  A  cosec  1* 


■  lUnigdeii's  large  Theodolite,  three  feet  in  diameter,  woa  the  flrat  InBtrumeut 
by  whiob  this  ezceaa,  called  the  apherical  eioew,  was  obsetied.  It  ia  always 
a  iiunul«  quantity,  eeldom  exceeding:  1'  to  3*  in  the  ttiaugles  used  in  geodetical 
opera  tians. 
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Id  this  tteries  the  first  term  is  only  effectiTe,  aad  the  other 
terms  being  very  minute  may  be  thrown  out  of  consideration. 
Supposing  b  and  c  to  be  ^ren  in  terms  of  some  linear  unit,  it 

is  evident  that        ■  ■ will  represent  the  area, of  the  given 

spherical  triangle  computed  as  a  plane   one,  such  an  area 

therefore  multiplied  by  the  constant  ratio ^ —  will    give 

the  spherical  excess  in  seconds. 

lo^actice,  however,  the  distances  b  and  c  are  rarely  known, 
the  given  elements  being  generally  one  side  a,  and  the  three 
angles  ^,  B,  and  C.  If  therefore  the  area  of  the  triangle  is  re- 
quired in  terms  of  these  elements,  it  will  be  equivalent  to 
a'  sin  B  ain  C 
2  sin  A 

The  computation  of  the  spherical  excess  of  a  triangle  does 
not  demand,  that  its  angles  and  sides  should  be  known  to  any 
degree  of  nicety.  It  will  be  sufficient  if  the  former  are  taken  at 
their  observed  values  to  the  nearest  second:  altering  these 
values  when  required  by  equal  amoonts  to  make  their  sum 
amount  to  «-.  EiUier  from  these  data,  or  from  the  sides  derived 
therefrom,  the  spherical  excess  may  be  deduced,  which  will 
be  true  to  within  the  limits  of  accuracy  usually  required  in 
practice. 

As  an  example  of  the  computation  of  the  spherical  excess, 
take  the  23rd  triangle  from  p.  261,  of  Colonel  (then  CapL) 
Everest's  account  of  the  measurement  of  the  Great  Indian  Arc, 
published  in  1830,  assuming  the  mean  Radius  of  the  Earth 
to  be  20888153-2  feet,  which  is  the  numerical  value  of  r,  in 
the  formula  before  given. 
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Spherical  Excess  Computed. 


Flrtt  Pmteit. 

Log.  b    fi'183S81S 

U^.  e    6-2260133 

Log.OnA I-BSiVru 

I.  c.u>g.  s  i-eoesToo" 

Log.coaeaV 6-31M361 

l.C.Lop.r f8.08OO9B9 

l3-680(W99 
Log.t 0-6676140 


Second  Preeeu. 


Log. 

LoET. 

A.  C.  Ug. 


a 

(513«aB0 

{6-1316620 

8inB  . 

...  r-9S3a739 

OaC  . 

. ..  I-976KB6 
...  01156356 

3   

cooecl' 

..  l-69awoo«~ 

..S'SIMSSI 

'■••• 

f  8-6800969 
L  8-6800999  _ 

*  It  grektly  fadUtatei  computation  by  combining-  the«e  four  Logarilhnu  iDto 
e  uoB,  and  treating:  it  ai  a  conalant  Log-. 
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Now  let  A  be  the  observed  value  of  A,  B"  that  of  B,  and  C 
that  of  C;  it  u  evident  that  ^'  +  ^  +  C  will  never  be  equal 
to  T  -^  e  but  will  either  be  in  excess  or  in  defect  of  this 
amount. 

This  last  circumstance  may  be  expressed  algebraically  in 
the  following  manner  A'  •\-]ff+C  =  T-\-e^i^iia  which  n-  +  e 
standing  for  the  true  sum  of  the  angles,  c  will  be  the  error  of 
obBervatioc 

In  the  triangle  given  above,  the  sum  of  the  three  angles 

=  IT  +  15-956  and  e  =  4*652.     Therefore  t  —  11-304. 

It  is  clear  that  nothing  certain  can  be  advanced  as  to  the 
origin  of  this  error.  It  may  be  that  the  signals  were  not  pro- 
perly centered,  or  that  the  graduation  and  the  adjustments  of 
the  instroment  were  imperfectly  executed ;  or  lastly,  tliat  there 
was  a  peculiarity  or  a  defect  in  the  eye  of  the  observer.  All 
these  circumstances  may  have  operated  separately  or  in  com- 
bination, to  produce  the  discrepancy  under  consideration. 

Supposing,  however,  that  the  three  angles  of  the  triangle 
have  been  taken  with  the  same  instrument,  and  with  the  same 
care,  and  by  the  same  observer,  it  is  extremely  probable  that 
each  is  liable  to  an  equal  amount  of  error.  If  this  is  ad- 
mitted, it  will  follow  that  the  best  way  of  expunging  t,  is  by 
apportioning  it  equally  amongst  the  three  observed  angles. 

If  the  angles  of  the  triangle  before  given  are  corrected  by 
this  process,  they  will  stand  as  follows : 


ObsMved  Angle*. 

Error. 

Corrected  Angles. 

Yenuhft,      

Bhevaling^apah 

70    M    4S-ee6 
GD     4      &-433 
49    69   20-667 

-3-768 
— 8-76e 

-5-766 

70    66    42-198 
69      4    '6-656 
49    69    16-790 

ISO     0    16-866 

11-301 

180     0      4-662 
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The  angles  ^ven  In  the  last  column,  are  called  spherical 
angles.  Their  snm  amotmta  (as  it  ought  to  do)  to  «■  4-  e. 
After  the  observed  angles  have  been  reduced  to  their  sphe- 
rical ralaes,  the  compatation  of  the  geodetical  triangle  may  be 
taken  in  hand. 

Of  the  di&rent  deductive  processes  established  by  different 
writers  for  the  accomplishment  of  this  object,  that  laid  down 
by  LeGeadre,  possesses  superior  advantages  on  the  score  of  its 
simplicity,  expedition  and  accuracy.  It  is  based  on  the 
assumption  that  the  sides  of  a  geodetical  triangle  which  may 
be  presented  for  computation,  are  very  small  in  comparison 
with  the  radios  of  the  earth ;  and  it  has  been  discovered  by 
actual  calculation,  that  a  triangle  whose  sides  do  not  exceed 
450  miles,  may  be  deduced  by  LeGendre's  Theorem,  without 
producing  an  error  of  one  foot  in  the  result 

This  Theorem  for  the  computation  of  a  geodetical  triangle 
may  be  stated  as  follows: — ^From  each  of  the  spherical 
angles  of  the  triangle,  deduced  as  directed  in  the  former  part 
of  this  Chapter,  deduct  one-third  of  the  spherical  excess.  With 
the  angles  so  diminished,  compute  the  sides  of  the  triangle 
by  the  rules  of  plane  trigonometry,  these  sides  (such  is  the 
result  of  LeGendre's  investigation)  will  be  equivalent  in 
length,  to  the  spherical  sides  of  the  ^v^  geodetical  triangle. 
It  may  be  added  that  when  the  spherical  angles  of  a  geode- 
tical triangle  are  diminished  by  one-third  of  the  spherical  ex- 
cess, they  are  called  angles  for  computation,  and  that  their 
sum  must  obviously  amount  to  180°. 

In  the  Great  Trigonometrical  Survey  of  bidia,  LeGendre's 
Theorem  is  made  use  of  in  the  computation  of  the  principal 
triangulation.  As  an  example  of  which,  let  us  take  the 
triangle  before  given. 

3  F 
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Log.  5-1346620. 

BbttioDi. 

i^\^ 

Angles  far  Com- 
putation. 

Sluea. 

DedasBd 
dde>. 

YemBha,      .... 
YwmHTBpaUy, 

70  66  42-196 
59    *     S-655 
49  fi9  IS-799 

70    66     40-647 
69      4       4'104 
40    G9    10-249 

9'B75fi263 
9-9833740 
9-8641748 

152707-77 
6-1836613 

168872-23 
6-2860125 

....i^^-- 

Ditto,  to  She' 

.«ling»pah,... 

il^.,.... 

rPeet,  .... 

'"Iw...... 

Computation  o 


B  SIDES  Exhibited. 


Yenuhato  Shevalingspab,   lag.  5'134€6S0 

Z  Yaenagapally ooeeo.  or  A.  C.  of  tin.  01158258 

^  ShevaliDg^p^,  nil.  9-9333740 

e  Log.  5-1638612 

Yaenagapally  to  Yerosha,    \  Feet,  168707-77 

^  Mile*,  28-923 


Vemilia  to  ShevalingBpah, 

^  Yaenagapallj,. 

^  Yemiha,  


Log:.        6-1346630 

ee.  or  A.  C.  of  un.       0-1158362 
ain.       0-S755353 


Yeunagapall;  to  Sheraliugfapab }  Feet, 


The  process  of  compntation  described  in  the  foregoing  pages 
is  applicable  to  the  principal  triangnlation  of  a  series.     In  the 
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deduction  of  the  Secondary  Triangles  however,  such  for  in- 
stance as  those  for  a  Topographical  Survey,  all  this  attention 
to  minnti»  is  never  required ;  it  being  sufficient  to  consider 
these  as  plane  triangles  and  compute  them  accordingly. 

There  is  only  one  circumstance  connected  with  the  deduc- 
tion of  Secondary  Triangles,  which  stands  in  need  of  some 
explanation  at  this  place.  In  some  Secondary  Triangles,  only 
two  angles  are  observed,  and  in  others  all  three.  In  the 
former  case  tiie  two  angles  are  added  together,  and  the  sum 
is  deducted  from  «■,  the  resulting  difTerence  is  the  third,  or  the 
supplemental  angle.  In  the  latter  case  the  snm  of  the  three 
angles  is  compared  with  ir,  and  if  any  difference  exists  between 
the  two  amounts,  it  is  apportioned  equally  amongst  the  three 
angles,  employing  the  angles  so  corrected  in  the  computation 
of  the  triangle. 

The  following  examples  extracted  from  the  Report  of  the 
Great  Trigonometrical  Survey,  will  illustrate  these  methods  of 
computation. 


Pirer  to  Pamari  =   15441-8 /«^  Log.  41886970.            1 

StotloM. 

ObeervBd 
Angloe. 

Error. 

Angiet  tor 

Binea. 

Deduced 

lidea. 

Piier,  ..     .. 
Paniui,  .... 

B3  ae  B7-6 
70    9*4-0 
66  23  14-2 

+    14 
+    1-5 
+    1* 

63    36    S9 
70     9    45 
66    33    16 

0«048965 

9-B734323 
9-9305434 

17441-6 
4-3416808 

14MI-4 
4-1730511 

179  59  55-7 

-^  4-3 

180     0     0 

KiTpnrto 

^ 1 

Fwt 

I^- 

Feet,  .... 
W- 

I 

"^'    1 
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Paniari  to  Mirpur  =   14895-4 /eei.  Log.  4-1730511.          1 

Stotloiu. 

Obserred 

Error. 

Ad^cb  for 
CoMpotation. 

Sinea. 

Dedaoed. 
EldaB. 

Faolati,      .. 

Mirpur, 

91    61    IB 
22    E9    38 

1 

94    51    18 
2S    29    38 

62    39      4 

9-9984300 
9'58S7278 

6416 

3-8072566 

16710 

4-2230668 

's^'s^e; 

180      0     0 

[Feet,.... 

Tqjpur  to  Paniari, { 

(loe-,.... 

DittotoMiiirar,  \ 

(Log...... 
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CHAPTER  XVIII. 


On  the  CoMPnTATiON  OF  Latitddes,  Longitudes  and 
Azimuths  op  Trigonometeical  Stations. 

Let  a  and  B  be  two  Trigonometrical  Stations.  The  la- 
titude and  lon^tude  of  A^  together  with  the  distance  of  ^  to 
B  at  the  sea  level,  and  the  azimuth  of  the  line  as  appears  to  an 
observer  at  A,  being  ^ven,  it  is  required  to  deduce  the  latitude 
and  loD^tade  of  B,  and  the  azimuth  of  the  same  line  BA  as 
appears  to  an  observer  at  B. 

The  symbols  which  are  usually  made  t]se  of,  to  represent  the 
el^nents  ^v^,  as  well  as  those  required,  are  as  follows : 

Elements  given. 
\     Latitude  of  A 
L    Longitude  of  ditto 
A    Azimuth  of  B  from  A* 
C  Distance  irom  AtoB. 

ElemetOi  tottgkt. 
\'   Latitude  t^B 
L'  Longitude  of  ditto 
B  Azimuth  of  A  from  B. 

Of  the  foregoing  seven  symbols,  two  only,  namely,  A  and  B, 
which  stand  for  azimuths,  require  some  explanation.  In  the 
Revenue  Survey  the  origin  of  the  a^mathal  arc  is  placed  in 
north,  whence  it  proceeds  by  east  to  south,  and  thence  again  it 
returns  by  west  to  north.  This  is  the  common  mode  of 
reckoning  the  azimuth. 
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In  the  formulfe  wliich  wiH  be  given  hereafter,  the  azimuthal 
arc  will  be  taken  to  cnmnience  from  south,  and  to  proceed  hy 
west  and  north,  round  the  whole  circle  of  the  horizon,  as 
observed  in  the  Great  Trigonometrical  Survey.  According 
to  this  view,  the  azimuth  of  west  will  be  90°,  that  of  north 
180=,  and  lastly,  that  of  east  270=. 

It  is  necessary  to  mention  at  this  place  that  there  are  two 
solutions  of  the  problem  onder  consideration,  the  spherical  and 
the  spheroidal.  In  the  former  the  earth  is  supposed  to  be  a 
sphere,  in  the  latter  it  is  taken  as  a  spheroid.  In  this  work  we 
will  adopt  the  spheroidal  solution,  in  the  first  place,  because  it 
is  more  consonant  to  truth  than  the  other,  and  secondly,  be- 
cause the  process  of  computation  it  gives  rise  to,  has  been 
arrauged  by  CoL  Gr.  Everest,  late  Surveyor  General  of  India, 
into  a  form  which  is  susceptible  of  easy  and  convenient  appli- 
cation to  survey  operations. 

In  the  computation  of  the  Great  Trigonometrical  Survey  of 
India,  the  dimensions  of  the  earth  supposed  to  be  a  spheroid 
are  taken  at  the  following  values : 

Axis  Major  a  =  20922931-8  feet 
Ditto  Minor  b  -=  20853374-6     „ 

These  elements  are  derived  from  a  comparison  of  the  Doda- 
gontah  arc,  comprised  between  Punnse  and  Kalianpur,  measured 
prior  to  the  year  1826,  with  the  French  arc  beginning  at 
Greenwich  and  ending  at  Formentera. 

On  a  slight  consideration  it  will  be  evident  that  if  the 
differences  (V  -  \),  (L'  -  L),  {B  -  t  +  A)  could  be  com- 
puted by  auy  process,  X',  L'  and  B  could  be  easily  deduced 
there&om. 

For  instance  supposing  \'  —  X  •—  AX,  L' — L  =  4i,  and 
B  —  (»  -H  ^)  =  A-4,  we  shall  have  X'  =  X  -|-  AX  ; 
i'  —  i  +  Ai;  and  5  —  («■  +  ^)  -I-  A.1. 

The  reason  why  these  differential  quantities  AX,  Ai,  A/i, 
are  computed  in  preference  to  X',  L'  and  B,  is  that  the  former 
are  susceptible  of  easier  and  more  accurate  deduction  than  the 
latter. 
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On  reference  to  pp.  161  and  169,  of  CoL  Everest's  account 
of  the  Indian  arc  pablished  in  1847,  it  will  be  seen  that  the 
Tataes  of  AX,  aZ,  and  AW  come  out  in  infinite  series.  These 
series  are  rapidly  convergent :  Col.  Everest  uses  only  the  first 
foor  terms  and  omits  the  others  oo  account  of  their  minuteness. 
For  the  purposes  of  this  work,  however,  the  first  and  second 
terms  are  all  which  will  be  required,  the  third  and  the  fourth 
terms  which  are  retained  by  Col.  Everest  being  too  miante  to 
merit  attention  at  this  place. 

Limited  to  the  2nd  term,  the  formulae  for  the  computation  of 
latitudes,  longitudes  and  azimuths  as  arranged  by  CoL  Everest, 
are  as  follows: 

For  Latitude.  For  Longitude,  For  Azinuith. 

Sj\—P.coiA,c  SjL==4j\.Q.»ec\.UinA  3iW=S,i.  *i«X. 

Sgk'^iiA.S.ginA.e    SgL-~lg\.  S.  cot  A  igA=lgL.  T. 

inwhicA 
2,X+3aX— A^  2i£+5(,£=A  L.  SiA+SgA^AA 

The  terms  P,Q,R,S,T which  occ6r  in  these  formulse 

are  composed  of  the  numerical  values  of  a  and  b  given  before, 
and  of  certiun  functions  of  the  given  latitude  X.  Most  of  these 
terms  are  of  tedious  deduction,  on  which  account  it  becomes  ne- 
cessary that  they  should  be  computed  once  for  all,  and  registered 
under  a  Tabular  Form,  so  as  to  be  ready  for  use  when  required. 

Accordingly  in  the  Great  Trigonometrical  Survey  of  India, 

we  have  the  Table  of  P,  Q,  R, computed  for  every  W  of 

latitude  between  the  parallels  of  8°  and  35"  : —  and  we  will 
give  at  the  end  of  this  Chapter  an  extract  from  this  table,  which 
will  facilitate  computations  by  Col.  Everest's  formulae. 

The  arrangement  of  this  table  is  so  simple  that  it  hardly 
requires  any  explanation.  Enter  the  table  with  the  given 
latitude  X  of  station  A.     If  X  is  exactly  found  in  the  table, 

take  oot  P,  Q,  -B, just  as  they  stand  in  a  line  therewith. 

This  is  a  very  simple  operation,  but  itio  exact  agreement  which 
we  have  supposed  to  exist  between  the  given  and  the  tabular  lati- 
tude, seldom  takes  place  in  practice.  In  most  instances  the  given 
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latitude  will  lie  between  two  tabular  latitudes.    In  aacli  cases 

take  out  P,  Q,  Jt, appertaining  to  the  next  less  tabular 

latitude  and  correct  them  in  this  wise.  Take  the  difference 
betweai  the  given  and  the  tabnlar  latitude  next  less,  and  convert 
it  to  the  denomination  of  a  minute.  The  term  so  obtained  being 
multiplied  successively  bj  the  tabular  differences  for  P,  Q,  R, 
S  and  T,  and  divided  by  10,  will  furnish  the  required  cor- 
rections, which  will  be  negative  in  the  case  of  P,  R  and  Taod 
positive  in  that  of  Q,  and  S. 

P,  Q,  R,  S,  T  being  computed,  other  terms  of  the  formulae, 

such  for  instance  as  cos.  A,  tan.  A,  sec  X  sin.  X may  be 

taken  out  from  a  common  table  of  logarithms. 

When  the  terms  t^\,  £,Z,  are  computed,  they  will 

be  in  seconds  and  decimals  thereof. 

The  signs  of  these  terms  dependant  upon  the  magnitude  of 
the  gjven  azimuth  A,  may  be  easily  taken  out  from  the  follow- 
ing table. 


Magnitude  of  the  given  Azimuth  A. 

1st   Qua- 
drant 

2nd. 

3rd. 

4th. 

8,X 
8,i 

l,A 

+ 

+ 

+ 

+ 
+ 
+ 

+ 
+ 

+ 
+ 

After  proper  signs  have  been  prefixed  to  9]X,  hyL: — take 
the  Bums  of  i,X  and  S^X: — of  Sji  and  Sgi: — and  of  ^lA 
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and  Sg^-  I^B  three  sams  so  obtEuned  will  I>e  the  values,  the  lirst 
of  AX,  the  second  of  AL,  and  the  last  of  AA. 

Now  A\  being  applied  to  X,  iX  to  L,  and  AA  to  (r  +  A) 
the  resulting  elements  will  be  X',  and  Z.'  and  A'. 

By  way  of  illustrating  the  compntation  of  the  latitadea, 
longitudes  and  azimuths  of  Trigonometrical  Stations  we  Bub- 
join  the  following  example. 


Stadon  A  Temahair. 
X=18*51'3r-00 
i=78     1    079 

A      =73°  1'52"-11 
I/>g.  e=   5-1346630 

P. 
CobA 

T-99624a9 

T«51635 

5-131B820 

—    394-53  —  —  06  34-53 

—  1358-14  —  —  0  23  88-14 

—    439-00  — —0     7  19-00 

.......      1-38 

+      0-88 

+       ■  " 

h,\ 

3-5960674 

1-997*090 

00239624 

0-9155059 

S,£ 

3-1329447 

SinX 

T509S169 

SlA 

8-6424616 

X-3S079 

1-98067 

5*13466 

3„X 

0-13858 

S 

0-89241 

T-48449 

hL 

T-94948 

T 

0-23473 

SgA 

0-18020 
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—  + 

-  + 

0    6  34-52 
1-38 

AX 
X 

0    6  35-90 
18  51  31-00 

X' 

18  44  55-10 

Deduced  L&titude  of  SheTaJiugapah. 

S.L 

0  22  38-14 
0-88 

4i 
L 

0  22  37-26 
78     1     079 

V 

77  38  23-53 

Deduced  Longitude  of  ShevaJJu- 
gapdi. 

i,A 

0    7  19.00 
1-51 

^A 

0    7  17-49 
258     1  52-11 

B 

252  54  34-62 

Deduced  Azimuth  of  Temshaw  from 
Sltemliiigapah. 

When  a  point  is  detenDined  by  a  triangle,  it  ought  to  have 
two  deductions  of  latitude,  longitude  and  azimuth  derived  from 
the  Btations  defining  the  base  of  the  triangle.  For  instance* 
referring  to  triangle  at  page  418,  Yeanagopall  may  be  computed 
from  Yemshaw,  as  well  as  from  Shevalingapah.  In  the  Great 
Trigonometrical  Survey,  it  is  the  invariable  practice  to  go 
through  the  two  deductions  and  compare  the  results,  which 
when  the  two  computations  are  correctly  executed,  will  be 
identical. 
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T^  „m^  *  L^^.^j^^^fP^ 

R.SandT,  letmem  the  paralleU  qf 
ifude. 

\ 

P 

Mff. 

Q 

Diffi 

E 

Diff 

s 

Diff. 

T 

Diff. 

10 

FMeasia 

£748 

—75 
73 

r9973B31 
388! 

63 

60 
61 
51 
6S 

62 
54 

6S 
63 
64 
64 
65 
53 
66 
50 
60 
66 
57 
67 
67 
69 
60 
60 
58 
60 
60 
69 
60 
61 
61 
61 
62 
61 

8-38083 
82 

IT 

0-33021 

"1 

0-25077 
4757 

-320 

so 

SS70 

3939 

81 

104 

4440 

31S 

30 

i593 

76 

3981 

ao 

147 

43 

44 

4138 

30! 

3518 

4031 

80 

100 

3831 

303 

50 

3441 

4082 
r-9974133 

79 

234 

3518 

300 

19    0 

?9962366 

78 
78 
81 
79 
80 

ei 

81 

82 
8( 
84 
84 
84 
84 
6G 

BO 
84 

IS 

9C 
9< 
88 
91 
91 
91 

m 

93 
92 
94 

8-38078 

0-33277 

45 

0-23318 

39C 

10 

2287 

4186 

77 

322 

2932 

30 

3209 

4337 

77 

366 

** 

2639 

388 

SO 

2128 

4291 

76 

411 

48 
46 
46 
47 
47 
47 
48 
49 
49 
49 
60 
50 
50 
61 
6i 
6S 
6i 

2341 

384 

40 

60 

2049 
1969 

4344 
4397 

76 
74 

457 
603 

2067 
1776 

281 
277 

m  0 

r-9961B88 

r-9974451 

8-38073 

0-32549 

0-21499 

275 
370 
26< 
364 
360 

10 

30 
30 
40 
5C 

1607 
1735 
1645 
1661 

1477 

4605 
4560 
4613 
4669 
4736 

78 

73 
71 

70 
69 

696 
643 

690 
738 
787 

1224 
0964 
0688 
0434 
0164 

SI     0 

10 
20 
30 
40 
50 
23    0 

^9961 393 
1309 
1S24 
1198 
1053 
OOtM 

r«60880 

"9974781 
4837 
4894 
4951 
6008 
5067 

r9976123 

ff-38068 

67 
66 
66 
64 

S-asoea 

0-33836 
885 
935 
985 

0-33035 
086 

0^3138 

0-19906 
9653 
0403 
0155 
8911 
8668 

0-18431 

253 

261 
247 
344 
243 

237 

10 

20 

0790 
0703 

6183 
6341 

100 

242 

8105 
7963 

235 

3( 

0613 
0523 

6301 
636! 

61 
60 

294 
348 

64 

7733 
7506 

228 

50 

0435 

6420 

59 

401 

64 

65 
55 
65 
5( 

51 

7383 

!3     0 

?9960344 

r-9976480 

8-88068 

0-33455 

0-17061 

219 

10 
20 
30 

40 
60 

0353 

m«2 

0070 

1-9969977 

0885 

6641 

560S 
6663 
6726 

6786 

67 
66 
66 
64 

63 

510 

665 
620 
676 
733 

6843 
6628 
6413 

6303 
6994 

216 
214 

210 
208 
207 

24  0 
10 

20 
30 
4C 
60 

25  0 

r-9959791 

9698 
9603 
9507 
9411 
9317 
r'9»&9231 

93 
96 

90 
9t 
9" 

96 
99 
97 
98 
97 
98 
102 
100 
101 
90 

["■9976849 
6911 
6974 
6038 
6103 
6165 

r-9976339 

6i 
63 
64 

66 
(Si 
64 
64 

66 
64 
60 
65 
66 
68 
67 
67 
6t 

8-38053 
51 
51 

60 

s 

S-38047 

0-33788 
846 
908 
961 
4030 
078 

0-34138 

6t 
57 

68 
5S 
58 
6( 
69 
61 
60 
63 
61 
63 
63 
63 
63 
64 

0-15787 
6685 
6384 
5186 
4990 
4796 

0-14605 

SOS 
301 
198 
19< 
194 
191 
189 
180 
186 
183 
180 
178 
176 
174 
171 
170 

10 
SO 
30 
40 
60 
26    0 
10 
20 
3C 
40 

9125 

9026 
B929 
8831 
8734 
r'9958636 
8634 
8434 

8234 

6293 
6369 
6423 

6489 

6664 

r-9976619 

6687 
6754 
6821 

RRRT 

48 

46 

43 
42 

8-38041 
40 
39 
88 

197 
358 
318 
380 
441 
0-34603 
666 
639 
692 

4416 
4230 
4046 
3863 
3663 
0'!3605 

3166 
2985 
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TatU  tai^biling  tkt  Logarithmic  valva  qf  P,  Q,  A,  S  and  T,  betiottn  the  paralUU  of 

18°  and  36°  qfLatitiide.—iContinBed.J 


Dift.        R        DiE        S        DifE 


7619 
7517 
i6    (£'■9957411 


29    OU-9966778 

6671 
6501 
6455 
6847 
6338 
iO    Op-d956I2B 


1(1 

5345 
5134 

60S1 
4909 
)3  OlS-9964796 


4568 
44A4 

4340 


3879 
8764 
3647 


31  0  )-9953111 


1-9977033 
7090 
7159 
7338 
7397 
7365 

r-9977135 
7605 
7675 
7646 
7716 
7787 
■■9977857 
7939 


9406 
9483 
6669 


0326 
O'lixao 
009965 


9660 
9431 
9S04 

0179 
0-09055 


B578 

.  B457 
0-08S13 
8338 
8116 
8001 
7894 
7786 
0-07679 
7573 
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CHAPTER  XIX. 


On  the  Computation  op  Heights. 

To  compute  the  difierence  of  height  between  two  Trigono- 
metrical Stations,  the  elements  required  are  derived  partly 
&om  observation,  and  partly  from  previous  computation.  Of 
the  former  class,  are  the  vertical  angles  taken  at  one  or  both 
the  stations,  and  the  heights  of  the  instnunent  and  of  the  signals 
used.  Of  the  latter  class,  are  the  distance  at  the  sea  level 
between  the  two  stations,  and  the  elevation  of  one  of  those  sta- 
tions above  the  same  leveL 

The  observation  of  a  vertical  angle  is.  thus  made :  the 
Theodolite  being  placed  over  the  centre  of  the  eye  station 
and  properly  levelled,  an  intersection  is  taken  to  the  signal  at 
the  object  station.  The  micrometers  or  verniers  to  the  verti- 
cal circle,  are  now  read  off:  the  mean  whereof  constitutes  one 
observation  on  one  fece.  The  telescope  is  now  turned  round 
ISO"  vertically  as  well  as  horizontfJIy,  and  the  same  signal  is 
intersected  a  second  time.  The  vertical  limb  being  then 
read  off  as  before,  we  have  the  second  observation  on  the 
opposite  face.  The  mean  of  the  two  observations  made  on 
reversed  faces  will  furnish,  cleared  of  index  and  collimation 
error,  the  elevation  or  the  depression  at  which  the  signal 
stands,  as  seen  from  the  eye  station. 

When  a  vertical  angle  is  observed,  the  time  of  the  observa- 
tion as  well  as  the  heights  of  the  instrument  and  of  the  signal 
are  noted  in  the  Vertical  Angle  Book,  a  specimen  of  which  is 
subjoined. 
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By  way  of  distinction  the  station  whcwe  heiglit  is  given  may 
he  called  the  station  A,  the  other  whose  altitude  is  required 
being  styled  the  station  B,  It  is  also  necessary  to  premise  at 
this  place  that  in  the  phraseology  of  the  Trigonometrical 
Survey  the  distances  at  the  sea  level,  such  as  those  derived 
from  a  Trigonometrical  operaljon,  are  called  geodetic  distances. 

Certain  preliminary  considerations  most  now  he  attended  to 
before  the  computation  of  height  can  be  taken  in  hand.  In 
the  first  place,  the  given  geodetic  distance  will  require  to  be 
converted  into  seconds.  When  this  operation  is  performed, 
the  resulting  element  is  called  the  contained  arc  The  pr&- 
cept  for  making  this  deduction  is  as  follows: — Add  toge- 
ther  the  logarithm  of  the  geodetic  distance  in  feet,  and  the 
constant  logarithm  3*9935154,  the  natural  nimiber  answering 
to  the  sum,  is  the  contained  arc  in  seconds. 

Take  the  distance  From  Yenuhair  to  SheTBlin(rapah  page  418. 

Log^trithm  of  the  dlstaiica  in  feet,    6'1346a20 

Coiutaiit  Log., 3-9935164 

Contained  Are  — 1343* Log.,    31281774 

Again  the  geodetic  distance  as  it  stands  cannot  be  employed 
in  the  computation  of  height ;  it  will  reqtiire  to  be  reduced  to 
the  level  of  station  A,  The  formula  given  at  page  390  could  be 
eauly  altered  to  furnish  this  resnlt,  but  as  the  logarithm  of 
the  distance  is  made  use  of  in  the  computation,  it  is  obviously 
more  convenient  to  correct  that  term  at  once,  which  may  be 
effected  in  the  following  manner : — 

To  the  logarithm  of  the  height  in  feet  of  station  A  above  the 
sea  level,  add  the  constant  logarithm  8*3168746,  the  natural 
number  answering  to  the  sum,  carried  to  7  places  of  decimals 
is  the  logarithmic  correction  required. 

ESAMPLB. 

Height  of  Yemihav  above  the  sea  level,  1463-3  feet,  Log.,  3-1053334 

Constant  Log.,  §-3168746 

Li^uitlimie  conectioii,  0-0000304 Log., 
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The  logarithmic  correction  added  to  the  logarithm  of  the 
geodetic  distance,  gires  the  iogaridim  of  the  distance  at  the 
level  of  station  ji. 

ThoM.    6-13466ao  )   ^  B.-oigan,    J  I^-  of  the  diBtance  from  Yenuhaw  to 
+  0-00003M  J   ""  f  ShenOingapah  at  the  level  of  the  former. 

Again,  that  the  computed  height  of  a  station  may  be  avail- 
able for  any  required  use  in  future,  it  is  necessary  to  refer 
that  element  to  a  permanent  mark  belonging  t^  the  station.  la 
the  Great  Trigonometrical  Survey  of  India,  the  upper  station 
dot  13  taken  as  the  point  of  reference.  But  the  instrument 
with  which  the  vertical  angle  is  taken,  as  well  aa  the  signal 
observed,  being  elevated  above  that  dot,  it  follows  that  the 
observed  angle  will  stand  in  need  of  two  correctiom,  of^which 
the  one  arising  from  the  height  of  the  instrument  or  eye,  is 
called  the  eye  correction,  while  the  other  proceeding  from  the 
elevation  of  the  signal  or  object  observed,  is  styled  the  object 
correction. 

The  rules  by  which  the  corrections  abovementioned  may  be 
computed  are  as  follows : 

To  compute  the  eye  correction. — Add  together  the  logarithm 
of  the  height  of  the  eye  in  inches,  the  arithmetical  complement 
of  the  logarithm  of  the  distance  in  feet  at  lihe  level  of  station  A, 
and  the  constant  logarithm  4*2352439,  the  natural  number 
answering  to  the  sum  is  the  correction  in  seconds,  additive 
to  an  elevation,  and  sabtractlve  from  a  depression. 


Heigrht  of  tbe  IngtrumeDt  at  Sbevalingapali  63'4  Inches 1^-t 

A.  C.  of  Lt^.,  of  distance  at  the  level  of  Yemehaw 

Conalaiit  Log., 


.    Log:.,  0'89S736I 


To  compute  the  object  correction. — Add  together  the  logar 
rithm  of  the  height  of  the  object  in  inches,  the  arithmetical 
complement  of  the  l<^arithm  of  the  distance  in  feet  at  the  level 

n,g,t,7l.dM,.COOglC 
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of  station  A;  and  the  constant  logarithm  4*2352439,  the  natural 
number  answering  to  the  sum  is  the  correction  in  Beconds, 
additive  to  a  depression,  and  subtractive  from  an  elevation. 

EXAUPLB. 

Height  of  the  Bignal  at  Yemshaw  22-B  iochee,  Lo^.,    1-3579348 

A.  C.  of  Lo^.  of  diBtaoce  at  the  level  of  Yenuhaw, 4-86530TS 

Conetant  Log;.,    1-33S3439 

Object  coiieotion  + 2-87 Log.,     0-468*863 

When  the  observed  vertical  angle,  has  received  the  eye  and 
object  corrections,  the  points  to  which  it  becomes  referrible,  are 
the  upper  station  dots.  The  vertical  angle  so  reduced  is  called 
the  apparent  vertical  arc. 

BXAMFLB. 

OtMerred  Vertical  Angle  at  Shevaliiigapali D  0  IS  26-24 


Oyect  c( 

Appannt  Vertical  Arc  at  ShevaUugrapah, DO\S  20-21 

The  problem  of  the  computation  of  heights  may  be  divided 
into  the  two  following  caaea : — first,  when  vertical  angles  have 
been  observed  at  the  two  stations  A  and  J3,  and  secondly,  \rheQ 
a  vertical  angle  has  been  taken  at  one  of  the  stations  only. 
We  will  now  proceed  to  treat  of  the  first  case. 

AAer  the  observed  vertical  angles  at  the  two  stations  A  and 
B  have  been  reduced  into  apparent  vertical  arcs,  an  auxiliary 
angle,  called  the  subtended  angle,  will  next  require  to  be  com- 
puted, which  is  done  in  this  way.  When  both  the  apparent 
arcs  are  depressions,  take  half  the  difference :  when  one  only 
is  an  elevation,  take  half  the  sum :  the  result  in  either  case  is 
the  subtended  angle  rec^uired. 

Appamnt  VerllDal  Aic  at  Sheralingapali,    Z>  0  16  20-24 

Ditto         ditto         at  Yeouiliaw, D  0    i    8-32 

Snbtended  Aoffle, 0    6    36-0 

By  the  aid  of  the  subtended  angle  derived  as  directed  above, 
&a  difference  of  height  between  the  two  stations  is  easily  de- 
3  H 
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ducible  in  the  following  manner.  To  the  log&rithmic  eine  of 
the  subtended  angle,  add  the  log.  secant  of  the  vertical  arc 
taken  at  station  B,  and  the  logaritlim  of  the  distance  at  the  level 
of  station  A,  the  natural  niunber  answering  to  the  sum,  is  the 
required  difference  of  height  between  the  two  stations. 

Snbfended  ADffle, 0    5  36       Lop.  Sio.,  7-2119140 

AppamitYerticBlAreatShevalmgrapahiJO  16  20      Log.  Sec.,  0-0000043 

Diatance  ID  f^t  at  tbe  level  of  Ytmiham, Log.,  S' 1346924 

Heqiiired  difierence  of  height  in  feet,  232-1 Log.,  S-3466107 

Connected  with  the  computation  of  heights  is  the  important 
subject  of  terrestrial  refraction ;  it  is  evident  that  every  ver- 
tical angle  observed  is  affected  with  that  inequality.  Its  gene- 
ral effect  is  to  raise  an  object  above  its  true  position ;  when  two 
observed  vertical  angles  are  made  use  of  in  the  computation  of. 
a  height,  although  these  angles  are  individually  impregnated 
with  refraction,  they  produce  a  result  which  is  entirely  free 
from  that  inequality.  This  arises  from  the  peculiar  combina- 
tion of  the  observed  vertical  angles  in  the  deduction  of  the 
subtended  angle,  whereby  the  refraction  in  one  angle,  is  can- 
celled by  that  in  the  other. 

There  is,  however,  only  one  condition  required  to  produce 
this  cancelment,  namely,  an  equality  of  the  amounts  of  refrac- 
tion in  the  two  observed  vertical  angles.  That  this  equality 
may  obtain  in  practice,  vertical  angle  observations  at  the  reci- 
procal stations  should  be  made  under  as  nearly  as  possible  the 
same  atmospheric  conditions.  When  two  observers  and  two 
instruments  are  available,  they  are  best  taken  simultaneously, 
but  in  cases  in  which  this  cannot  be  resorted  to,  the  observa- 
tions ought  to  be  made  contemporaneously,  that  is,  at  the 
same  time  on  diflerent  days,  these  days  being  separated  by 
as  small  an  interval  as  possible. 

Experience  has  shewn  that  the  best  time  for  observing  a  set 
of  vertical  angles  is  between  the  hours  of  2|  and  3|  from  ap- 
parent noon.     When  vertical  angles  have  been  taken  with  duo 
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regard  to  the  conditions  above  specified,  the  precepts  whereby 
the  amount  of  refraction  involved  in  them,  may  be  computed, 
are  as  follows : 

Take  the  sum  of  the  reciprocal  apparent  vertical  arcs 
when  they  are  both  depressions,  or  their  difference  when 
one  is  an  elevation,  subtract  the  sum  or  difference  bo  derived 
from  the  cont£uned  arc,  half  the  remainder  is  the  amount  of 
terrestrial  refraction  required. 

Appaient  Vertical  Arc  at  Shevolin^pah,    D  0  15  2021 

Ditto  ditto  at  Yemsbaw,  DO    t    632 

Which  being  both  depFeaaioog  are  added  together,  and  their 


Half  the  difference  or  tenertrlBl  refraction, 87 

It  is  a  practice  with  the  geodetic  writers  to  express  the 
refraction  in  decimals  of  the  contained  arc,  this  reduction  may 
be  performed  as  follows : 

Reduce  the  terrestrial  refraction  and  the  contained  arc  to 
seconds,  divide  the  former  by  the  latter,  the  quotient  is  the 
value  of  the  terrestrial  refraction  ia  the  decimals  of  tiie  con- 
tained arc 

EX&MFLB. 

TlaiB  in  the  caie  of  Yemabaw  and  Shevalingapah,  the  refraction  being  BT", 
and  the  contained  are  1343",  we  ahall  have  ^^  K.oeS.fbrthe  value ofthe 
rettvetiaa  in  decimals  of  the  oontoined  aic. 

It  now  remains  te  explain  Case  2nd,  or  the  method  of  com- 
puting the  difference  of  heights  between  two  stations  from  a 
vertical  angle  taken  at  one  of  them  only.  The  observed  ver- 
tical angle  being  corrected  for  the  heights  of  the  instrument 
and  signal,  as  well  as  for  refraction,*  we  shall  have  the  value 

*  There  are  no  filed  rnlsB  for  Terrestrial  refraction,  but  it  ia  generally  taken  at 
]V  of  Qie  contained  are. 
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(^  the  vertical  angle,  as  if  it  were  taken  in  vacao  at  the 
station  of  observation. 

Now  the  contained  arc  is  eqnal  to  the  sum  of  the  two  Ter- 
tacal  angles  in  racno,  when  they  are  both  depressions,  or  to 
the  difference  between  them  when  one  is  an  elevation,  which 
relation  gives  the  following  simple  precepts  for  comput- 
ing the  vertical  angle  in  vacao,  at  the  object  Btation.  When 
the  vertical  angle  in  vacuo  at  the  eye  station  is  a  depresMoD, 
take  tiie  difference  between  it  and  the  contuned  arc :  when  it 
is  an  elevation  take  their  sum,  the  resaltbg  element  in  either 
case,  is  the  vertical  angle  in  vacao  at  the  object  station. 

To  determine  whether  (he  last  dedaced  vertical  angle  is  an 
elevation  or  a  depression,  the  considerations  which  will  leqaire 
to  be  attended  to,  are  three  in  nomber  and  they  are  as 
follows : 

First,  when  the  vertical  angle  in  vacao  at  the  eye  station  is 
a  depression,  and  less  than  the  contained  arc ;  second,  when  it 
is  a  depression  and  greater  than  the  contained  arc ;  and  third, 
when  it  is  an  elevation. 

In  the  first  and  third  cases,  the  resulting  vertical  ai^Ie 
at  the  object  station  is  a  depression,  and  in  the  second,  it  is 
an  elevation. 

Having  obtained  the  two  vertical  angles  in  vacao,  treat  them 
as  if  they  were  apparent  vertical  arcs,  and  deduce  theie&om 
the  subtended  angle,  and  the  difference  of  height,  as  in 
Case  1st  To  exemplify  this  compntation,  take  the  dednctton 
of  Himalaya  snowy  peak  a  trom  Amsot  Hill  station : 

Observed  vertical  sag'le  >t  Auuot,     E  2    SO  4S'93 

Eyeeorreotion +  3-12 

Olgeot  conecticm  U  eianewent,  the  top  of  the  peak  beings 

observed, O'OO 

B«frBeIioii  UktnLattkofoaQlamed  BIO —3  49-28 

Tertical  aog'le  in  yhouo  at  Amsot, E  2    16  69*79 

Wbich  twiner  an  elevalJoD,  irill  require  to  be  augmented 

by  the  coataiued  arc,    0    67  IS-W 

Tertical  on^le  in  vacuo  at  snowy  peak  ci ^8    14  18'69 
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CHAPTER  XX. 


On  Minor  Tbiangolation,  and  the  same  as  applied 
TO  THE  Rat  Tbacb  Ststem,  for  caebtikg  on  Topo- 

GBAPHICAL   SUHTETS. 

Aftee  having  explained  the  approved  principles  of  obser- 
vation and  computation,  as  generally  practised  in  a  Trigonome- 
trical Survey,  w©  will  now  proceed  to  shew  their  application 
to  the  detail  survey  of  a  district. 

The  primary  triangles  of  a  Topographical  Survey  may  be 
thrown  into  the  form  of  a  network  as  shewn  in  Fig.  1,  or  into 
that  of  a  gridiron  exhibited  in  Fig.  2.  Plate  7  B.  Of  these 
two  forms  the  gridiron  is  preferable  to  the  network,  in  the  first 
place,  because  it  contains  a  smaller  number  of  triangles  and  is 
more  scientific ;  and  secondly,  because  it  is  susceptible  of  a 
more  systematic  deduction  than  the  otlier.  Thia  mode  of 
distribution  however,  will  be  found  more  difficult  in  most 
hilly  countries  than  the  common  network,  and  occupy  a  longer 
time  than  is  generally  allotted  to  Topographical  Surveyors, 
but  whatever  form  may  be  given  to  the  primary  triangles 
of  a  Topographical  Survey,  there  is  one  condition,  namely, 
that  of  symmetry,  which  ought  to  be  strictly  adhered  to 
in  their  selection.  In  no  case  should  a  triangle  of  a  primary 
character  be  admitted,  any  of  wliose  angles  fells  short  of  30° 
or  exceeds  90"  as  before  stated  at  page  393. 

The  sides  of  tfiese  primary  triangles  should  average  be- 
tween two  and  five  miles,  and  the  best  instrument  for  execut- 
ing this  description  of  work   is  a  12-inch  Theodolite.     The 
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three  angles  of  a  primary  triangle  ought  in  every  instance  to 
be  observed,  every  angle  being  measured  on  two  zeros  0° 
and  30''  with  their  reversed  faces  as  before  described.  Aa  to 
computation,  these  triangles  may  be  treated  as  plane,  the 
spherical  excess  being  in  their  case,  an  unappreciable  quantity, 
the  angles  used,  being  taken  to  the  nearest  second. 

With  due  regard  to  these  precautions,  the  primary  triangula- 
tion  of  a  district  being  executed,  the  next  thing  to  be  taken  in 
hand  is  the  collection  of  the  Topographical  details,  which  may 
be  done  in  the  following  manner. 

If  the  point  x  Plate  7  B.  which  we  shall  suppose  to  be  the  site 
of  a  village,  be  observed  from  two  primary  stations  A  and  B, 
we  shall  have  the  triangle  ABx  giving  the  position  of  the  last 
mentioned  point.  Again,  if  x  happen  to  be  observed  from 
three  primary  stations  aa  A,  B,  and  C,  the  triangles  formed  wUl 
be  three  in  number,  namely,  1st  ^  ABx,  2nd  &,  A  Cx,  and 
3rd  A  BCx.  Now,  here  are  three  distances  Ax,  Bx  and  Cx, 
which  are  respectively  possessed  of  two  values,  the  first  being 
derived  from  as  1  and  2,  the  second  from  as  1  and  3,  and 
the  third  from  as  2  and  3.  These  double  values  being  com- 
pared, the  diBcrepanciea  (if  any)  will  indicate  the  amount  of 
confidence  to  be  attached  to  the  result 

The  point  x  fixed  in  the  way  described  above  is  called  an 
intersected  point  For  the  reasons  already  stated,  a  point  of 
this  kind  should  be  determined  whenever  it  is  practicable,  by 
two  triangles  possessing  a  common  side. 

In  the  case  of  the  intersected  points,  the  symmetry  of  the 
triangles  cannot  he  so  rigorously  attended  to  as  in  the  in- 
stance of  the  primary  stations,  because  such  points  must  be 
observed  from  wherever  they  are  visible.  Here,  however, 
a  small  error  in  a  given  position  would  be  attended  with  no 
inconvenience,  as  it  would  not  extend  beyond  the  site  to  which 
it  appertains.  It  has  been  found,  in  practice,  that  triangles 
whose  angles  range  between  15°  and  150°  furm'sh  trust- 
worthy results.     The  angles  to  intersected  points  should  be 
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observed  on  zero  0°  and  on  its  reversed  face,  the  obserration 
in  each  case  being  repeated  twice  to  check  the  readings  of  the 
instrament  as  well  as  the  record  thereof. 

Some  attention  must  be  paid  to  the  eignals  used: — if  they  are 
lai^  undefined  objects,  as  whole  bodies  of  villages,  &c.,  they 
will  be  nnsnsceptible  of  accurate  intersection,  and  will  there- 
fore produce  discordant  results.  The  kalus  of  a  mosque, 
or  of  a  temple,  church  spire,  tops  of  columns,  &c,  form 
good  objects  for  intersection,  but  those  are  seldom  to  be  met 
with,  and  in  their  absence  flags  may  be  used,  which  may 
either  be  placed  on  the  ground,  or  fastened  to  tops  of  high 
trees,  as  may  be  convenient^  Tree  flags  have  been  tried  in 
the  Great  Trigonometrical  Survey  and  found  to  answer 
well. 

It  is  clear  that  most  of  the  villages  in  a  district,  aa  well  aa  all 
the  prominent  marks  on  the  boundary  line,  could  be  laid  down 
as  intersected  points:  the  few  villages  that  cannot  be  so 
determined,  may  be  fixed  by  a  measured  angle  and  distance 
&om  a  primary  station.  The  sides  of  the  secondary  triangles 
should  be  carried  as  near  the  boundary  of  the  subdivision 
or  pergunnah  circuits  as  possible,  in  cases  where  a  Revenue 
Survey  is  required,  but  this  of  course  will  depend  on  the 
natural  features  of  the  country.  On  any  of  the  sides  of 
these,  the  Plane  Table  and  Cross  Staif  is  applied  and  the  in- 
tervals are  filled  up  by  sketching,  and  a  series  of  perpendicu- 
lar lines  are  thus  made  to  traverse  the  Topographical  details. 
The  more  minutely  the  triangulation  baa  been  carried  on, 
the  easier  and  more  correct  will  be  the  interior  filling  up, 
whether  entirely  by  measurement  with  the  Chain,  or  only 
parti^ly  so,  and  the  remainder  completed  by  sketching.  The 
Plane  Table  is  the  best  contrivance  for  this  purpose,  and  the 
process  of  sketching  between  the  fixed  points  plotted  on  the 
paper,  is  similar  to  surveying  with  the  Chain  and  Theodolite 
as  far  as  the  natural  and  artificial  boundaries  are  concerned. 
Every  thing  being  at  once  drawn  on  the  paper  instead  of 

n,g,t,7l.dM,.COOglC 


441 

being  entered  in  a  Fieldbook,  the  features  of  the  gronnd 
81%  sketched  at  the  same  time  as  the  boundaries  and  other 
details.  This  part  of  the  operation,  howeYer,  requires  much 
practice  before  any  thing  like  facility  of  execution  can  be 
acquired. 

The  Plane  Table  is  made  in  a  variety  of  ways,  but  to 
render  it  really  useful  it  should  be  reduced  to  the  moat  simple 
state  possible,  and  as  light  as  can  be  consistent  with  strength 
and  steadiness.  The  English  manu&cture  with  the  box-wood 
scale  &ame,  aa  described  at  page  115,  is  quite  unsuited  to  ihe 
heat  and  hot  winds  of  this  climate;  they  warp,  and  go  to  pieces 
immediately,  but  the  pattern  now  in  use,  as  made  up  in  the 
Mathematical  Instrument  Department,  Calcutta,  of  the  best 
Seasoned  teak  wood,  is  a  simple  square  board,  without  any 
shifting  frame,  with  the  fiducial  edge  ruler  of  ebony  clamped 
-with  brass,  the  Sight,  being  affixed  at  each  end,  and  compass 
box  sliding  underneath,  of  the  same  metal,  the  Table  fixing 
on  the  braced  tripod  stand,  by  means  of  a  clamping  screw 
under  it 

Every  two  points  of  a  Survey,  whatever  objects  may  be 
between  them,  will  in  fact  be  the  extremities  of  a  base  equally 
true  as  if  it  had  been  actually  measured;  and  the  Table  being 
placed  on  snch  points,  and  adjusted  by  means  of  the  legs,  and 
the  needle,  which  answers  instead  of  a  level,  where  the 
greatest  accnracy  in  fixing  the  instrument  horizontally  is  not 
required,  we  obtain  intersections  to  all  objects  of  which  it  may 
be  necessary  to  find  the  place.  This  is  done  by  placing  the 
leg  of  a  piur  of  compasses  upon  the  station  and  the  edge  of 
the  ruler  in  contact  with  it,  turning  the  ruler  as  upon  a  pivot, 
until  the  object  to  be  intersected  is  seen  along  its  edge,  and 
then  drawing  a  fine  line  by  the  same  edge.  This  being  done 
from  three  different  places,  wiD  be  found  very  exact  in  most 
cases,  although  there  is  in  strictness,  an  error  of  the  same  kind 
as  that  mentioned  in  treating  of  the  Theodolite,  when  it  is  not 
3  I 
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exactly  over  a  station;  bnt  this  nicety  is  of  little  consequence, 
for  the  Table,  being  but  small,  tLe  dlSerence  occasioned  hy 
the  eccentricity  of  the  instrameot,  can  never  make  many 
incites  error  in  the  position  of  an  object,  and  upon  almost 
all  scales  in  common  use,  this  magnitude  is  but  a  mere 
point.  Thus  we  may  join  up  any  anBuished  lines,  that 
were  left  in  surveying  to  avoid  short  stations,  or  for  other 
reasons. 

When  the  method  of  surveying  the  interior  details  is 
rigidly  carried  out,  there  is  nothing  left  to  be  sketched  in, 
except  the  contours  of  the  ground  which  do  not  present 
marked  features  to  which  measurement  can  be  applied. 
The  comparative  heights,  however,  obtained  by  levelling 
with  the  Theodolite  during  the  Survey,  present  so  many 
certain  points  of  reference  as  to  the  relative  command  of  the 
ground,  and  are  of  course  of  the  greatest  assistance  in  the 
subsequent  delineation  of  the  features  upon  the  outline  plan. 
When  the  inequalities  of  the  surface  of  any  particular  por- 
tions, require  to  be  shown  more  in  detail,  recourse  must 
be  had  to  a  regular  process  of  Levelling  and  Contour- 
ing, both  of  which  subjects  are  treated  of  In  separate 
Chapters. 

With  a  view  of  adapting  the  triangulation  of  a  district 
convenient  for  this  purpose,  suppose  a  series  of  principal 
triangles  of  the  Great  Trigonometrical  Survey  to  have  been 
carried  through  a  district,  it  is  evident  that  the  sides  of  those 
triangles  ranging  from  t«n  to  twenty  miles,  cannot  as  they 
stand  be  immediately  made  use  of  in  a  Topographical  Survey, 
in  which  bases  of  two  to  five  miles  only  are  required.  To 
resolve  therefore  a  side  of  a  joincipal  triangle  into  a  conve-' 
nient  number  of  small  distances  of  the  required  lengths, 
the  Ray  Trace  System  by  minor  triangulation  may  be  resort- 
ed to,  with  great  advantage.  We  will  now  proceed  to  ex- 
plain the  method. 
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1  be  obtain- 


Let  8  and  S"  be  two  stations  of  tlie 
Trigonometrical  Survey.  Taking  S  as 
an  ori^,  select  a  series  of  small  trian- 
gles along  the  given  line  SS"  until  the 
other  extremity  6"  is  reached,  and  is 
connected  therewith;  these  triangles 
must  be  treated  as  primary  triangles 
of  a  detail  operation.  Their  computation 
may  1)6  performed  aa  follows ;  on  refer- 
ence to  the  diagram  it  will  be  seen  that 
there  are  two  lines  S</  and  So"  con- 
nected with  the  origin  5",  assuming 
either  of  these  as  unity,  the  remaining 
Bides  of  the  triangnlalion  may  be  de- 
duced in  terms  thereof. 

It  is  evident  that  if  the  whole  distance  SSf  c 
ed  in  terms  of  the  same  measure,  the  deduction  of  the  true 
■values  of  the  sides  of  the  minor  triangulation  may  be  easily 
effected  by  the  following  rules  of  proportion : 

As  the  hypotlietical  value  of  the  line  SS'  (p). 
:  The  true  trigonometrical  value  thereof  (R)- 
: :   The  hypothetical  value  of  the  side. 
:    Its  corresponding  trigonometrical  length. 
To  determine  the  hypothetical  value  of  the  side  SS"  the  method 
of  computation  explained  at  pp.  374  to  377  will  require  to 
be  resorted  to.     Take  the  series  of  sites  on  the  right  or  left 
flank  of  the   minor  triangulation  as  may  be  convenient,  and 
consider  them   as   the   stations   of  a  Hoate   Survey.     The 
elements  which  will  be  required  for  the  deduction  of  either  of 
the  flanking  lines  taken  as  a  route  are  the  distances  and  angles. 
The  distances  to   be  used  are  the  hypothetical  distances 
derived  as  described  above  on  the  assumption  of  one  of  the 
two  first  sides  of  the  minor  triangulation  taken  as  unity. 

The  angle  at  any  sit«  of  the  minor  triangulation  taken  as 
a  Route  Survey  Point,  is  determined  in  this  way.  Suppose 
an  observer  to  be  placed  at  tbe'^ven  site  looking  in  the 
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direction  of  the  rear  Station,  let  Iiim  turn  round  tovarda 
his  right  unUl  he  faces  the  point  in  advance ;  the  horizontal 
arc  which  his  eye  will  describe  daring  this  operation 
is  that  which  will  be  required  in  the  Raj  Trace  deduction. 
A  reference  to  the  sketch  of  the  minor  triangulation,  will 
indicate  the  process  of  deriving  the  arc  from  the  angles  of  the 
primary  triangles.  The  only  circumstance  to  be  attended  to 
in  this  computation  is,  that  the  angles  used,  must  be  those 
which  have  been  adjusted  to  180°. 

Computing  the  arcs  abovementioned  for  the  several  sites 
on  the  right  or  left  flank,  (as  the  case  may  be)  of  the  minor 
triangulation,  and  calling  them  in  the  order  in  which  they  stand 

Zs  ©,,  ©a,  0j of  the  Route  Survey,  deduce  there- 

irom  the  angles  for  computation  A,  B,  C ...  as  detailed  in 
Chapter  15. 

With  these  angles  for  computation  and  the  hypothetical 

distances,  the  co-ordinates  i^  a^  sT'. and  also  y,  ^,  jr"' 

being  deduced,  the  whole  line  SS'  may  be  derived  in 

terms  of  the  first  side  of  the  minor  triangulation. 

The  hj^thetical  value  of  the  line  SS"  being  determined 
and  its  true  value  having  been  previously  derived  firom  the 
Trigonometrical  Survey,  the  true  lengths  of  the  sides  of  the 
minor  triangulation  can  be  ascertained  by  the  rule  of  propor- 
tion given  before. 

The  angles  B  and  0'  of  p.  377  derived  from  this  computation, 
are  useful  in  determining  the  azimuths  of  the  first  and  last 
sides  of  the  minor  triangulation.  For  instance,  the  azimuth 
of  the  line  Si/  =  A — B,  A  being  the  azimuih  of  5'  from  S. 
Similarly  calling  B  the  back  azimuth  of  iS*  from  9,  the 
azimuth  of  the  last  line  will  be  S'—ff.  With  these  azimuths, 
the  geographical  position  of  S  and  ^  being  given,  the  lati- 
tudes and  longitudes  of  the  stations  of  the  minor  triangulation 
may  be  deduced. 

To  illustrate  the  computation  of  a  Ray  Trace  by  minor 
triangulation  take  the  following  example  from  tho  Report  of 
the  Great  Trigonometrical  Survey  of  India. 
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Tracing  of  Rem  Dahera  to  NqjhM  iv  Xinor  TrimguJatim  executed  V  Saiu  ltaiSa~ 
nath  Sickdhar,  Sub-Attutant  Great  Trigimonetrimtl  Svrvev,  tm'tft  a  Vi-imA 
Theedolite  c/  the  Ea*t  India  Companies  Pattern,  in  tie  year  1840. 


Names  of  Slations. 

Observed 
Angles. 

■s 
11 

Ckorecled 
Angles. 

8^. 

diMDia^ 

True  Distauoea 

in 

Uaeee. 

Feet.    |MiIee 

Daheca,     

Kaakandi,    ..      . 

sa.tiM.3,    

65  85  46-8I4-  6-8 
73  1730-4+  6-8 

41  1626-J+  5-8 

65  25  63 
73  17  3fl 

41  18  31 

6-9687655 
9-9812699 

9-8193316 

1-461905 
1-378660 

16013-9 
14266-4 

2-844 
3-700 

0-1619883 
0-1394639 

4-1540100 

179  6943-6|+17-4 

180    0    0 

Dahera,     

Station  3,      ... 

Barbeii, 

68  1843-8 
64  58  7-6 

46  431S-9 

-3-8 

68  18    40 
8468     4 

46  43    16 

9-0681118 
9-9571617 

S-8621466 

1-806980 
1-853118 

18686-7 
19162-8 

3-539 
3-629 

0-25!^ 
08679030 

4-2824591 

-11-3 

SJBulierJtaStat 

una  S—  Hjpotbelioid  Dist.  Lag.  02879030  Traa  Diirt,  in  feel  Log.  4aSa«81  J 

Barheri,     

StatioiiS,     ..     . 

Labkari,    

57  4036-4+  2-1 

66  6658-8+  2-0 

65  8218-6+  ai 

57  40  38 

58  67    1 

65  32  21 

9-923346- 
9-9585818 

1-708709 
1-722677 

17669-6 
17813-9 

3-346 
3-374 

0-23^688 
0 -2362031 

4-8^343 
4-8507800 

179  5953-8|+  6-3|  180    0    0 

*  1  Buheri  W L.btiri-  Hypolbsti™!  Di.t,  Log-  0a336«82   True Diit.  in  f«t  Log.  WWBIM.  ] 

Barheri,    ..     .... 

Labkari, 

Station  4, 

66  3613-6 
63  2422-3 

50  5932-0 

—  2-7 

—  2-6 

—  2-6 

65  36  11 
63  24  20 

50  69  29 

9-9593781 
9-9514335 

9-8904497 

8-008811 

20333-; 

20708-7 

3-851 
3-923 

:S 

4-8&1 
4-8181527 

180    0  7-0 

BJ  LubluritaSti 

tion  *-  Hypotheti«l  Di*t.  Log.  frSOlSMB  Troa  Dist.  io  ftet  Log,  *31B1I«7.  | 

LBbkari,    

Statlwid,     ..    .. 

PakaWell, 

61    6  9-6'+  2-9|    51    6  12 
59  46W-8+  2-9     69  48  51 

69    663-8;+  30[    69    6  57 

9-8911357 
9-9365673 

9-9704878 

1-862160 

1-668166 

17260-1 

3-637 
3-287 

0-267^761 

ii 

179  6951-8|+  8-8|  180    0    0 

8  1  Bbitian  4  to  F 

.k.  Well- HypothtCtekl Diit.  Log.  0-2miM  TruDM.\atttt  Log. 4'i3e80a6.| 

Station*, 

PaksWell,   ..     ., 

Pirer, 

69  4144-1 
67  1136-5 

63    639-6 

+   0-8 
+  0-2 

+  0-3 

69  41  44 
57  1138 

63    640 

9-9361901 
9-9245396 

1-572081 
1-614828 

16366-7 
16696-7 

3-079 
3163 

0-1M4761 

4-2iSb12 
4-2886817 

T|p>]i>w«nto 

Pi™—    Hreolhelial  Dirt.  Log. OMSliBS    True Diirt. in fi»i Log. 4Baa681T.  | 

PakaWeU, 

Piret,     

Panisri.     

61     7  33-4'+  0-3 
713168-1+  0  3 

67  8027-6!+  0-3 

61    7  34 
7131  68 

67  80  28 

9-8912749 
9-9770396 

9-9252696 

1-819806|      18813-2 
1-493279      15441-8 
togB.         Logs. 
0-25a05ffl  4-8744017 

8-563 

2-926 
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CfameaofStatioDa. 

Obserred 

Angrle*. 

til 

Corrected 

te. 

toncea. 

True  Distances 

■< 

Feet.    (Maes. 

Pi(«r, 

Puii>ii, 

Mtepnr-     

S3  S657-sU  1-4 

70  944-04.  i-a 

M  2814-2!+  1-4 

63  26  69 

70    9  4S 

66  23  16 

9-9048965 
9-9734322 

9«i05424 

1-686673 
1-440131 

17441 -e 
14896  4 

3-30a 
2-821 

0^^7 

4-2^^888 

4-1730511 

179fi!t6S-7[+  4-3|  180    0    0 

01684960 

P«Bli»ri,     

Minw. 

st«a«6, 

6S  24  33-6 
80  37  4-7 

64    826-8 

+  2-0 

65  24  24 

60  87    7 

64    829 

:= 

1-546149 
1-616071 

16988-5 
16711-S 

4^^3 
4-2330l6t 

3'02f 

3-16B 

0-18^1S 
0-3084605 

176  6954-0 

+  60 

69  4345-7 
6S  34  16-3 

44  41  63-5 

+    1-9 
+  IB 

69  43  48 
66  34  18 

44  41  54 

9-9722355 
9-959370 

9-8171863 

3-09l9lfl 
3-IS53H1 
Lop. 
0-3305443 

31633-2    4-097 
22387-7    4.331 

4-3351004 

:i.4-5 

0-3336097^  4-3480658|           | 

ii|ato*ionBios 

8i«tiott6, 

Subri, 

Htdhili,     

56  69  19-4 
46  64  42-0 

76    6  44-0 

J.  4-9 
4-4  8 

+  4-9 

66  69  24 
46  54  47 

76    6  49 

9-9335422 
9-8635J20 

9-9870887 

1-631567      16768-4 
1-801938      193540 

3-T7( 
3-647 

Lojfs.         Logs. 
0-30a350  4-2341911 

179  6946-4 

+  14  6 

03699653 

4-2815213 

TYPE  OF  CALCDLATION  OP  RAY  DAHEHA  TO  NOJHILI. 
JHitaneet.  Aagltt. 

BtstloB  8, 

UfitstioiiS, 01  =  121    K     6 

„  lAblnri,     ©a  =  ITS    12    El 

PbUWbII,       0S>^m    38      7 


DLbei 

l-72SeJ7 
I^bkuitaPaluWdl i  =  I'SSaiB) 

p^>  Well  to  Puiuri,   c  -  leieaos 

PuUri  (o  Btalioii  E,       d  =.  IU»M 

StUion  B  to  Nojluli,        *  e  1'«21g«7 


Station  t 


Hence  the  angles  for  computation  are  as  follows 

^=121666            o.»  „        ,  „ 

B>(i:i    Nt    S-I-17S    Bt    U-ir^B'  121    47  (B 

C  =  (ia.47BS  +  177Sfl      7-x)  =  liei4  G 

Zl  .^  (  II»    14    B  +  193    M    S7  -  X  )  .  1J2      s  4B 

E  =  ■(  13a    8  la  +  178  «  11  -  T  )  =  lis  BO  es 

^  =  lil  B6    E    Col.    B-7Mai*l  Sin.      B-MSM 

a  =    l-7iae77    Log.   04382089  Loj.     0  aSBSO 
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I'BISSOG    Log.  O'KSMHa 


£  =  IM  to  ES    Ooa.  »1WiM 
•  >    I'VUer    LoE,  l>-3De9S50 

frflOTsew  ... 


Smn of  Cinot  Co.^>rdii»t«,     »  k      (I'KI1S28  BiimorF«pr.Ci>ordta, 
Sam  of  Direct  CtM>paiiutM,     s  =       e'I«1828      Log. 

Sum  of  Perpr.  Co.0ldiiiat«, 

.: .; .:.;'- : 

BmncfDirHtOo-ordiltttci,    9  -  e'ieiS28       Log.  0-7880681 

IKghOi  lo  Dshn*  br  B^-  Tthm  OompsUtioii,  Log.  0-e7«181 

DlHu              br  Trigonomelniial  Sorve;,     lag.  4'9BB071I 

Gomtuit  Log.  of  CoTTHtun,  4-0146660 

This  constant  logarithm  added  to  the  logarithms  of  the  dis- 
tances derived  from  the  Ray  Trace  Computation,  will  fiimish 
the  logarithms  of  the  same  distances,  in  terms  of  the  onit  of 

the  Trigonometrical  Survey. 

6'  Computed. 

r  —  a=     131  46    135 
From  irlikl]  dsdnet  E  or  Uit  X  [,        igo  m    m  n 

for  CompatUloii,     ) 


Dedvetion  qf  tkt  Asianakt. 
At  Daben,  Azimntli  of  N<tib>l>    ■  ■  • 

Alimnth  of  Station  3,  (A  —  0)  =       S39 

At  Noihili,  Aiimutll  of  Dohera  B  = 

0'=  ■ 

Aiimuth  of  StMiou  5  (B  —  eO  = 


- 

2  55 

18-6 

190  61 
48  13 

40-9 
47-5 

339  6 

28-4 

10  53 
26S 

24-5 

ie-5 

7B8 

6-0 
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A  sketch  of  the  foregoing  Ray  Trace,  aa  well  as  of  two 
others  connected  therewith,  completing  a  principal  triangle  of 
the  Great  Trigonometrical  Survey  is  given  in  plate  VII  A.  On 
reference  to  this  sketch  it  will  be  perceived  that  the  triangnla- 
tJon  ori^nating  from  Dahera  proceeds  along  the  ray  to  Kojhili, 
whence  it  extends  in  the  ray  to  Qodhna  and  thence  returns  and 
closes  in,  at  Dahera. 

Each  of  these  Ray  Traces  being  deduced  by  ao  independent 
computation  it  b  evident  that  the  sides  whereby  these  opera- 
tions are  connected  with  one  another,  will  possess  double  values, 
which  when  compared  will  obviously  indicate  the  degree  of 
accuracy  attained  by  the  work.  There  are  three  sides  of  this 
description  belonging  to  the  minor  triangulation  in  the  sketch, 
and  they  are  as  follows : 

l*t.—Nq}hih  to  Slatim  S. 
Feet 
16768-4    D»duced  &om  Bajr  D&ban  to  Nojliili. 
16771-0         „  „        Nojhili  to  Godhna. 

3-6    Error  Id  Uie  TriuiEnlBtian. 

Snd.~Ood3tna  to  Statim  ID. 
PMt. 
99034-3    Derived  ftom  Bay  NoJhiU  to  Oadhna. 
29034-0         „  „        Oodhna  to  Daheni. 

0-S    Error  in  the  Triaogulatioii. 

aril.~J)a}iera  to  aar/itH. 
Feet 
1868Z-6    Dedoeed  from  Ba;  Oodhns  to  Dahera. 
leesS'T         „  „         Dahera  to  Nojhilt. 

3- 1    Bitot  in  the  Tiiangnlatioii. 


It  will  be  seen  that  the  primary  triangles  appert^ning  to  the 
three  Ray  Traces  are  33  in  namber.  Taken  by  themselves, 
they  are  of  no  value,  as  they  iiimish  little  or  no  topogram 
pMcal  information :  they  become  valuable  only,  when  they  are 
made  the  basb  for  laying  down  village  sites  and  other  geogra- 


jM,Cooglc 


n,g,t,7l.dM,GOOglC 


jM,Googlc 


449 


phical  points  of  which  the  number  detennined  by  the  trian- 
galation  under  consideration  is  190,  and  from  the  sides 
of  these  triangles,  as  bases,  any  description  of  Theodolite 
and  Chain,  Plane  Table,  or  Compass  Surveying  according  to 
the  ordinary  method,  may  emanate  for  the  perfection  of  the 
general  details. 

Many  of  these  points  are  fixed  by  two,  some  by  three,  and 
a  few  again  by  so  many  as  four  triangles.  The  common  sides 
presented  by  this  process  never  exhibit  a  discrepancy,  exceed- 
ing a  foot  per  mile. 

We  will  conclude  tlua  chapter  by  giving  the  computation  of 
a  village  site  fixed  by  three  Independent  triangles. 


Angles  for 
InWraectsd  Objects.   Comput«- 


Feat.       Miles. 


Faniari  to  Mirpur  —  14895-4 /eei  Log.  4-17305n  MUet  2-821  TA  8.; 


Mirpur. 
Sidhuuer. 


23  16  15 
32  40  IB 

124     3  37 


9'596G8SS 
9-7322583 

9-9132799 


Logs. 

9870ai 
3'S514540 


Mirpur  to  Stations  =  l671\-5/eet  Log.  42230166  MiUs  il65  fA  9.^ 


27  46  47 
17  36  53 
134  36  20' 


1-6664544 
('48D8e02 
) -3534  5  43 


10940     a -072 


Logs. 
3'8514925 

4-0390167 


Station  5  to  Faniari  =  159885/m//^.  4-2038073  ififc*.  3028  ('A  9.; 


Stfttion  S. 

Sidhanser. 


97746136 
98266493  - 
9-9914385 
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CHAPTER  XXI. 


On  the  DBTEBMIKAXrON  OP   THE  POSITION  OF   A  PoiNT 
FROM     ObSEBTATIONS     HADE     THEBEAT,      TO     THBEE 

KNOWN  Stations,  and  the  Reduction  of  Angles 

TO   THE  CeNTBE   OF   A   STATION. 

The  problem  of  fixing  a  Station  bj  observations  to  three 
known  points,  has  been  extensively  used  in  rongh  hilly 
countries,  especially  by  the  late  Captain  Wroughton,  in  the 
Sohagpore  and  Ramgbur  Territory.  The  mathematical  part 
of  this  problem  is  old  enoogh,  but  it  is  not  an  easy  matter  to 
compute.  The  geometrical  construction  has  already  been 
pvea  at  page  79,  but  as  that  does  not  readily  suggest  a  conve- 
nient mode  of  computation,  the  following  formula  has  been 
computed  for  the  more  rapid  deduction  of  the  problem.  It  is 
necessary  that  a  Surveyor  should  have  these  rules,  in  case  of 
accident,  from  having  no  other  data,  and  from  the  necessity 
sometimes  to  bring  up  the  work  of  others.  As  a  si/stem, 
however,  observations  to  three  points  are  unsatisfactory  and 
lazy,  the  method  is  unsusceptible  of  minute  accuracy,  and 
there  is  no  check;  unless  four  points  are  observed,  large  errors 
may  .creep  in,  from  mistakes  in  record,  or  in  mistaking  the 
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Stations.  The  observer  haa  only  to  go  up  one  of  the  three  known 
points,  snd  observe  back  to  the  Station  requiring  to  be  fixed, 
and  the  case  then  becomes  an  affair  of  sunple  triangles  checked 
by  common  sides,  and  this  should  always  be  done  by  a  care- 
ful Surveyor.  The  rule  is,  if  a  point  depends  on  a  single 
triangle,  all  three  angles  shoold  ^  v    l 

be  observed — if  only  two  an- 
gles in  a  triangle  can  be 
obs^ed,  there  should  be  at 
lea»t  two  triangles  to  give  a 
common  side  and  thus  check 
the  accuracy  of  the  determina- 
tion, as  adverted  to  at  page  439. 

The  position  of  each  village 
may  be  thus  determined,  by 
ascertaining  the  value  of  the 
angles  subtended  from  it  to 
three  points  of  the  surround- 
ing secondary  triangles,  the 
azimuth  of  the  lines  connecting 
the  latter  give  the  azimuth 
of  any  of  the  lines  of  the  sub- 
tended angles  from  the  points 
in  question. 

In  the  annexed  diagrams  A, 
B  and  C  are  the  three  given 
Stations.  Forming  A,  B  and 
C  into  a  triangle,  designate  the 
angles  thereof  by  the  letters 
which  mark  the  Stations;  the 
sides  opposite  thereto  being  re- 
presented by  the  corresponding 
small    letters  of  the  alphabet 
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a,  h,  c.     It  is  evident  that  the  snglea  A,  B  and  C  as  well  as 
the  sides  a,  b  and  c  are  known  elements. 

Supposing  X  to  be  the  Station,  whose  poaitjon  is  required 
to  be  determined,  designate  as  follows  the  angles  observed 
thereat: 

ar"  =  /.  between  A  and  B 
x  =  ^  between  A  and  C 
3^'  =  I.  between  B  and  C 

Now  Station  x  may  be  either  within  the  given  triangle  or 
without  it.  In  the  former  case,  jr°+3?'+a^=2a- and  in  the  latter 
J-\-x''=x°.  The  first  of  these  cases  is  represented  by  figure 
1,  and  the  latter  by  figures  2  and  3. 

With  regard  to  figures  2  and  3,  it  will  be  seen,  that  the 
diiference  between  them  consists  in  the  line  AB  being  placed 
in  the  former  case  between  Stations  C  and  x  and  in  the  lattw 
on  one  aide  thereof.  This  yrcumstance  should  be  borne  in 
mind,  as  the  general  formula  whereby  diagrams  1  and  2  are 
solved,  will  require  a  slight  modification  when  applied  to 
diagram  3. 

When  a  particular  case  of  the  problem  under  consideration 
is  offered  for  solution,  the  Surveyor  will  draw  a  sketch  thereof 
and  compare  it  with  diagrams  1  and  2  and  3.  The  sketch 
must  agree  with  one  of  the  diagrams.  Holding  the  sketch  in 
the  same  way  as  the  diagram  corresponding  thereto  is  drawn 
in  the  book,  the  Surveyor  will  designate  the  several  distances 
and  angles  in  the  sketch  by  those  symbols,  which  are  employed 
to  denote  similar  elements  in  the  diagram  in  question.  This 
being  done  and  calling  A'  the  angle  at  Station  A  between 
<7  and  x  it  will  be  found  that — 

Cot  ^'  — ■    ^  ^.'^^n^,    ^    ,    J,— cot  (C  +  r'  +  ar^) 

a.  8m  r  sm  ( (7  +  j/  +  ar )  "^  ' 

In  computing  by  this  formula"  it  will  be  remembered  that 
L  C  must  be  used  as  it  stands  for  diagrams  I  and  2.    But  for 
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diagram  3,  its  complement  to  SeO"  will  require  to  be  employed 
in  place  of  the  ori^nal  z.   C. 

After  due  r^ard  to  the  preceding  rule,  compute  the  two  . 
terms  composing  the  value  of  cotangent  A'  and  take  out  the 
result  in  natural  numbers  carried  to  7  decimals.  The  signs  of 
the  natural  numbers  will  be  known  on  reference  to  the  following 
table,   the    argument   whereof   is    the   numerical    value    of 

(  c  +  y  +  y> 

Table  Bihtbitinff  the  aignfl  "^ anaaf  ainTtf + a*  -V^"^  *"''  C^  +  ^  +  -^^ 


VbIdM  of 

(C  +  ^  +  fl;^ 

Sign,  of                              1 

ft  Bin.  a^ 

C<rt.(C  +  !C+3rO 

OBin.iCBlii.  (C+aH  +  ar^ 

Ut  Quadrant,       .... 
SndauadMt,..     .. 
3rd  Quadrtut,      .... 
«liQaadrttot,  ..     .. 

+ 
+ 

+ 
+ 

After  affixing  proper  signs  to  the  natural  numbers,  add  them 
together,  the  sum  is  the  natural  cotangent  ai  A':  or  when  a 
table  of  natural  cotangents  is  not  at  hand,  the  logarithm  of 
the  sum  may  be  taken,  which  is  the  logarithmic  cotangent 
of  A',  the  logarithm  being  taken  without  reference  to 
the  sign  of  the  sum,  which  may  be  either  positive  or 
negative. 

When  the  sum  is  positive,  the  tabular  arc  corresponding 
to  the  computed  cotangent  ia  the  value  of  A' ;  when  it  is 
negative,  the  supplement  to  the  tabular  arc  is  the  required 
value  of  A',  l.  A'  being  determined,  the  other  angles  of  the 
triangles  formed  by  the  point  sought  and  the  three  known 
Stations  may  be  easily  deduced  by  the  simple  operations  of 
addition  and  subtraction. 
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ICunhu,  ChMml  «itd  If urll  being  obwrvad  from  Pipwa,  it  U  requirad  to  a 
puts  th«  poiition  of  the  Uat  mentioitad  point. 


,JIOir& 


SUmnat  ffivtn. 

Side  Cliaonl  to  Horli, a  Lag.    4-47e646fi  ' 

Side  CbaoDl  to  HunjU*, t  Log.    4-7187414 

^  Chaoni,  between  Hurli  and  Miunhia,   . .  C    168°  SS*  38* 

Obtaved  Angla  at  Pipartt. 

Between  Hnrli  and  Hurohut, x°    k  ISO    18  34 

Between  Hurchiaand  Chaoni, of    —=  107    S9  ID 

Between  Chaoni  and  Hurli, a;*    •■  43    0  14 

EUmenti  lought. 
/.  Uarcbid  between  Plpara  and  Chaoni  or  A 
Tfpt  qf  Caleulatim. 

1«  Term.  2>td  Term. 

C  —    168°  38"   38- 
x*  ■>    107    S»    10  Coeec.    0-0806473 
x-w:      42    46    14  Sin.        9-8323301 

C  +  x'+af^    308    67      3  Coawi.     0-1091942 

*      Log:.       4-7I874U 

a     ..     ..    A.  C.  of  Log.      6'5e33635 

'-Cot.    9-9076088 


+  1-6001344              +       0-ttoe3664 
+  0-8088564  

CdL  a  =  +  2-4081908  . .     . .    Lt^.  0-3817490 

a'  — 38°  33-6*' 

In  carrying  on  a.  Detail  Survey,  it  sometimes  happens  that 

the  Theodolite  cannot  be  planted  over 

the  centre  of  a  Station.     When  this  is 

the  case,  the  imtrmnent  may  be  placed 

on  one  side  of  it,  and  angles  taken  to  the  surrounding  signals. 

It  is  clear  that  these  angles  before  they  can  be  employed  in  the 

compntation  of  the  triangulation,  will  require  to  be  transferred 
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to  tte  centre  of  Station,  the  geometrical  c«nstraction  for  which 
problem  was  given  at  page  87.  This  reduction  may  be  easily 
«flfecteit  in  the  following  manner. 

Of  the  two  points  (A  and  B)  observed  from  a  Station  C 
that  may  be  called  the  right  hand  point,  the  reading  of  which 
in  the  deduction  of  an  angle,  is  used  as  the  subtrahend ;  the 
other  point,  whose  reading  is  employed  as  the  subtractor  in  the 
same  operation,  being  styled  the  left  band  point. 

Considering  the  reading  of  the  tme  centre  as  0"  (K  0*,  observe 
or  compute  as  may  be  necessary  from  the  centre  of  observa- 
tion, the  readings  of  Stations  A  and  S.  Call  these  readings 
A'  and  B'. 

Likewbe  let  a  and  p  represent  the  distances  of  Station  C  to 
Stations  A  and  B  respectively:  which  distances  are  obtained 
from  an  approximate  computation  of  £^ABC  by  nsing  the 
angles  as  they  are  derived  from  observation  unaltered  by  any 
correction. 

And  lastly,  let  c  designate  the  distance  derived  from  mea- 
surement of  true  centre  from  centre  of  observation. 

Now  compute  the  two  following  terms,  and  prefix  thereto 
the  signs  given  in  the  table  subjoined. 

c  sin  A'  cosec  l"  ,  „       t  sin  B'  CMec  1" 


i  A  =- 


iB  = 


The  nomerical  values  of  these  terms  will  be  in  seconds,  the 
sum  whereof  is  the  correction  required  to  the  observed  angle 
between  A  and  B. 


Tablf  exhibiUng  the  nigns  of  the  foregoing 

correctiimt. 

JUaiSog  of  StaUon  A.  bj 
tbs  reu&u  gr  of  the  true  osntn 

asO^O-t?. 

When  Station  ^U 
left  Iwnd  point. 

When  atation  A  ii 
rigrbt  hand  point. 

+ 
+ 

t 
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EXAMPLB. 

At  the  •acondary  Stetion  of  Manda  of  the  Guiwani  Heridioual  SeriM,  tlie 
Theodolite  in  one  instance  ww  not  placed  OTer  the  Station  centre,  but  at  the 
distance  of  I1'67  feet  &am  it,  on  which  oocadon  the  angle  taken  wm  Uiat  between 
the  St&Uon  C  and  BarajranJ  Temple,  the  correction  to  whJoh  fbr  eieoDtiicity  may 
be  deduced  ae  foUows : — 

To  compute  the  correction  for  Station  C ,  left  hand  point. 

From  centre  of  obaerraCion,  Reading:  of  Station  ) 
a  by  considering  0°  ff  O"  ae  the  reading:  of  J  138=  4'  SO-  Sin    9-89610 

Dietance  from  oentie  of  obeerratioD  to  true  centre U'67  feet  Log.  1'06707 

^^i^^tT"!^?.^??.."'?!'!'.!*..^!^!?!'.^}  -^^  <^-  "f  ^-  *-^2401 

Cosec  r    Constant  L(^.  B'31443 

let  part  of  correction, —  SV-S  Lop.  1-70164 

To  compute  the  correction  for  Baraganj  Temple,  right  hand 
point. 

From  centre  of  obserratioa  reading  of  Baragnqj  I         .q.q  ,,,.„.  a-      a.t^aaK 

Temple  by  aaaumhig  true  centre  to  read  0°8'0',  J         '^    14  W  8m    9  4198S 

Distance  from  centre  of obserration  to  true  centre, l]'67feet  Log'.    1-06707 

*^^^fe^.".  .'r?"  "Tlf  ?.^.  ^'^  }  *-^'^  Log-    S'OMM 

Coeeo  1' Constant  Log:.    5-31443 


2nd  part  of  correction, —    72'-0  Log.    1-85719 

HenceQietotalcorrectionia— SCr-a— 72"-0  =— 0°  2'  3* 

Observed  Angle,  . .  =:  67  10  SO 

Corrected  Ang:le,  =67    8  18 
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CHAPTER  XXII. 


On  Baeometrical  Heights. 

To  determine  barometrically  the  difference  of  height  be- 
tween two  places,  the  implements  required  are  two  Barmneters 
with  their  attached  Thermometers  and  two  detached  common 
air  Thermometers.  Before  giving  the  formula  and  rules  how- 
ever for  this  process,  it  is  necessary  to  say  a  few  words  on 
the  constniction  and  method  of  using  the  Mercurial  Barometer, 
a  description  of  which  instrument  has  been  inadvertently 
omitted  in  Part  2.  We  have  therefore  given  in  the  footnotes, 
some  useful  remarks  lately  published  in  a  small  Manual  by 
Mr.  Belville  of  the  Royal  Observatory,  Greenwich,' 

The  Barometers  which  are  commonly  made  use  of  in  the 
measurement  of  a  height  are  Mountain  Barometers,  so  called 
from  tlieir  extreme  portability,  being  constructed  so  that  the 
tripod  stand,  when  closed,  serves  as  a  safe  and  convenient  pack- 
ing case.  They  can  be  opened,  observed,  and  packed  up 
again  in  the  apace  of  about  ten  minutes.  The  Mountain  Baro- 
meter is  capable  of  being  used  extensively  by  one  individual, 
and  the  observations,  if  performed  with  care,  will  give  results 
very  near  the  truth.  The  instrument  is  not  liable  to  injury  in 
travelling,  if  proper  precautions  are  taken,  the  most  essential  of 


'  On  the  Coiutmction  and  MeUiod  of  Un/tg  the  Mercurial  Barometer. 

There  are  rarioiu  forms  of  (he  Baramnter,  bat  the  one  beat  anited  fbr 

meteorological  obeerrationg  conauta  of  a  tube  about  S3  inchea  in  length,  the 

eztremit]'  of  which  is  inserted  into  a  small  Teserroir  or  ciat«m  )  and  in  order 
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■which  ia  always  to  carry  tlte  cistern  inverted,  and,  when  in  this 
position,  to  turn  the  screws  at  the  bottom  of  the  cistern  until 
the  mercury  almost  touches  the  top  of  the  tabe  and  thereby 
prevent  the  oscillations  from  breaking  it.  Newman's  instm- 
ments  differ  in  their  construction  from  the  Englefield  Baro- 
meter in  the  adoption  of  a  double  iron  cistern  with  a  solid 
bottom  in  lieu  of  the  wooden  cistern  and  leather  bag.  In 
the  old  instrument  the  screw  at  the  bottom  compresses  the 

to  maintain  the  mercury  in  tlie  cistern  aiways  at  the  aame  level,  the  ciatam  ia 
coDstructed  partly  of  leather,  that  by  means  of  a  screw  at  the  bottom,  the 
Borface  of  the  inercnry  in  it  may  be  so  adjusted,  as  to  have  it  always  at  the 
place  from  which  the  scale  commences.  Some  Barometers  are  famished  with 
a  gauge  or  float,  that  in  great  elevationa  and  depressions  the  obserrer  may 
perceive  when  the  mercury  in  tbc  cistern  sinks  too  low  or  rises  too  high. 

Let  a  b,  fig.  1,  be  the  glass  tube  plunged  into  tiie  mercury 
in  the  cistern  C,  and  D  the  surface-Lne  of  the  fluid  in  the  cis-  -^  j 
tem  level  with  the  conunencement  of  the  scale,  and  ai^usted  to 
the  particular  height  of  the  mercury  in  the  tube,  which  has  been 
actually  measured  from  the  surface  of  the  cistern,  in  the  construc- 
tion of  the  instrument  (which  height  is  called  its  neutral  point)  i 
when  the  mercury  risea  in  the  tube,  a  portion,  equal  to  that  rise, 
leaves  the  cistern,  and  the  sur&ce'line  falls  towards  the  dotted 
line  e ,-  and  being  lower  than  the  surface  from  which  its  neutral 
point  was  measured,  the  actual  variation  in  the  atmosphere  is 
indicated  too  little  :  turn  the  screwy  until  the  lines  on  the  float 
h  coincide,  and  the  mercury  then  records  the  exact  change  ; 
when  depressions  occur,  lie  mercury  sinking  from  the  tube 
into  the  cistern  raises  the  aurfacc-line  towards  g:  in  this  case 
the  screw /must  be  noacrewed  until  the  leather  at  the  bottom 
of  the  ciatem  be  suflicieQtly  loosened  to  allow  the  mercury  to 
assume  ita  proper  level  at  the  surface  D. 

When  there  is  not  a  gauge  to  the  Barometer,  the  relative  ca- 
pacities of  the  cistern  apd  tube  are  ascertained  by  experiment, 
in  the  constmction  of  the  instrument,  and  marked  thereon  ;  as 
is  also  its  neutral  point.    In  this  case,  when  the  metcnry  in  the  f  —. 
tube  is  abore  the  neutral  point,  the  difference  between  it  and    ^  ^ 
the  neutral  point  is  to  be  divided  by  the  capacity,  and  the  quo- 
tient added  to  the  observed  height  will  give  the  correct  height  j      ^  y.^ 
if  the  mercury  be  below  the  neutral  point,  the  difference  ia  to  be .        ^"^  ' 
divided  as  before,  and  the  quotient  labtraeted  horn  the  observed 
height  will  give  the  correct  heightt 
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whole  of  the  mercury  in  the  cistern  as  well  as  in  the  tube, 
frequently  forcing  it  through  the  pores  of  the  wood,  thereby 
rendering  the  Barometer  useless ;  this  defect  has  now  been 
remedied,  and  the  mercury  secured  for  travelling,  or  set  at 

Let  capadtj  for  every   inch  of  elevalioD   of  the  mercury  in  the  tube  b« 
equal  to  A,  which,  reduced  to  a  decimal,  will  be 

=0-025  for  one  inch,  0-013  for  j  inch,  O-007  for  ^  in. 

Inches, 

Observed  height   39-500 

Neutral  point 30-000 


Difference  above  neutral  I 

point    ) 

Add  for  capuoity   

Carrect  height  


410 


Difference   below   neutral  ( 


Subtract  lor  capacity —  -013 

Correct  height 39-487 


The  scale  of  the  Standard  Barometer  used  in  fixed  ol)servatorie8  iB  made 
movable,  and  terminatea  in  an  ivory  point,  which  is  brought  down  to  the 
sorface  of  the  mercury  ;  when  this  point  and  its  reflection  appear  to  touch 
one  another,  the  height  indicated  ia  correct.  This  kind  of  Barometer  requires 
no  adjustment  or  correction  for  the  cistern. 

The  tubes  of  Barometers  vary  in  size  :  those  of  a  large  diameter  are  pre- 
ferable, as  the  motion  of  the  fluid  is  freer,  and  its  friction  against  the  sides  of 
the  tube  is  nearly  inappreciable  ;  tubes  of  small  diameters  require  correction 
for  capillarity,  or  the  depression  of  the  mercury  caused  by  its  adhesion  to  the 
aides  of  the  tube. 

The  range  of  the  Barometer,  or  the  spaces  passed  through  by  the  mercury 
in  its  extreme  depressions  and  elevations,  being  limited  to  3^  inches,  it  is  not 
usual  to  graduate  the  scale  from  the  lower  end  of  the  tube  :  the  dinsioos 
commence  at  27  inches,  and  are  continued  (o  31  inches.  The  graduations  on 
Troughton's  Mountain  Barometers  for  measuring  great  elevations,  commence 
St  15  inches  and  are  carried  on  to  33  inches.  Each  inch  is  divided  into  ten 
equal  parts,  and  these  parts  are  subdivided  into  hundredths  by  means  of  a 
Vernier  (so  named  from  Peter  Vernier,  its  inventor).  The  Vernier  A,  (figs. 
3  &  3)  is  a  movable  plate,  one  inch  and  one-lenlh  of  an  inch  (ti^ether  equal 
to  ■^)  in  length  i  these  eleven-tenths  are  divided  into  ten  equal  parls,  each 
part  being  equal  to  one-teuth  of  an  inch  and  one-tenth  of  a  tenth,  together 
eqoal  to  eleven  hundredths.  When  the  pointer  of  the  Vernier  coincides  with 
a  division  of  the  Barometer  scale,  as  in  flg.  2,  each  division  of  the  Vernier 
will  exceed  each  division  of  the  scale  respectively  by  1,  3,  3,  4,  5,  6,  7,  8,  9, 10 
parts,  whose  denominators  are  the  number  of  parts  between  a,  b ;  the  excess 
of  each  diviuon  brang  ^  of  a  tenth  or  ^,  ^  of  a  tenth  or  yjn.  A  °^  * 
tenth  or  jJo,  ^  of  a  tenth  or  yJu,  &c    The  pointer  in  this  position  reads  off 
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liberty  for  aae,  by  holding  tlie  instrument  with  the  cistern  end 
upwards  at  an  angle  of  about  45°,  and  moving  the  upper  part 
from  left  to  right,  making  the  word  "  portable^  engraved  on 


Fi^.  2. 


e  tenth,  expressed  ii 


to  iochea  and  tenths,  vii.  thirt]'  inches  and  one  tenth,  expressed  in  iigurea 

30'10  inchcB, 

Wbrn  the  pointer  does 

nof  coincide  with  a  division 

of  the  scale  as  in  fig.  3, 

observe  which  division  of 

the  Vernier  does  coincide; 

uid    the    number  placed 

against   Ibat  division    of 

the  Vernier  will  be  the 

number  of  hundreths  to 
be  added  to  the  inches  and 
tenths.  In  fig.  3,  7  coin- 
cides with  a  division  of  the 
Barometer  scale,  and  there- 
fore 7  hondretha  are  to  be 
added  to  the  inches  and 
tenths,  and  the  reading  ia 
thirty  inches,  one  tenth 
and  seven  hundredths, 
expressed  in  figures  30'17 
inches.  Bj  an  alteration 
in  the  divisions  of  the 
Vernier,  the  Mountain  and 
Standard  Barometer  are 
read  off  to  ^  of  an  inch. 

A  Thermometer  ia  attached  to  the  Barometer  to  indicate  the  temperature 
of  the  mercury  in  the  cistern  ;  all  bodies  expand  by  heat  and  contract  with 
cold  ;  the  expansion  of  mercury  is  easily  tested  by  exposing  a  mercurial 
Thermometer  to  the  heat  of  a  fire,  or  by  placing  it  in  hot  water  ;  as  the 
warmth  increases,  the  mercury  will  expand  and  ascend  in  the  tube  ;  as  it 
aminishes  it  will  contract  and  faU  towards  the  bnlb  :  if  the  Thermometer  be 
plunged  into  a  mixture  of  pounded  ice  and  common  salt,  from  the  intense 
cold  produced  by  the  conversion  of  the  ice  into  waler,  the  mercury  will  sink 
to  zero,  or  32°  below  the  freezing-point  of  Fahrenheit ;  if  the  tube  of  the 
Thermometer  should  not  be  long  enough  to  admit  of  so  low  a  gradnation,  the 
mercury  will  shrink  into  the  bulb.  The  expansion  of  mercury  is  ,^  of  its 
bulk  for  each  degree  of  Fahrenheit  between  32*  and  212° 


§4 


tables  have  been  computed,  trcm  which  may  be  taken  out,  at  sight,  the  amount 
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the  cistern,  coincide  with  the  stop,  or  by  a  contrary  motion 
bringing  the  words  "  not  portable"  opposite  the  stop,  when  the 
instrument  is  intended  for  use. 

to  be  aubtmcted  from  the  heigiit  of  the  mercurial  column,  on  account  of  the 
expansion  of  the  mercury  from  temperature. 

The  words  Change,  Pair,  and  Rain,  engraved  on  the  plate  of  the  Barome- 
ter, were  placed  there  b^  the  first  observers  of  its  variations  ;  no  great  im- 
portance should  bo  attached  to  them  ;  for  from  the  observations  of  two  cen- 
turies we  find,  that  heavj  rains,  and  of  long  continuance,  take  place  with  the 
mercury  at  29'5  inches,  or  Change  ;  that  ram  frequently  fails  when  it  stands 
as  high  as  30-00  inches,  or  Fair  ;  and  more  particularly  in  winter,  a  fine 
bright  day  vriH  succeed  a  stonnj  night,  the  mercury  raiiging  as  low  as  29-00 
inches,  or  opposite  t«  Rain.  It  is  not  bo  much  ibe  abstJutu  height  as  the  ac. 
tosl  rising  and  falling  of  the  mercury  which  determines  the  kind  of  weather 
likely  to  follow.  The  late  great  elevation  of  30-9  inches  in  February  of  the 
present  year  1 849,  (in  England)  was  succeeded  bya  minimum  of  29-25  inches, 
which  produced  a  storm  of  wind  so  violent  that  the  horiiontal  pressure  of  many 
of  the  guHts  amounted  to  201bs.  upon  the  sqnare  foot ;  a  pressure  which  is  rarely 
exceeded,  even  when  the  Barometer  tails  as  low  as  2B-S5  inches.  This  may 
appear  extraordinary  if  we  merely  take  into  consideratloii  the  actual  height  of 
the  column,  and  neglect  the  quantity  of  the  fall  which  amounted  to  1-65  inch. 
The  mean  height  of  the  greatest  observed  elevations  for  the  last  thirty-eight 
years  is  30-61  inches,  and  the  mean  height  of  the  observed  depressions  for  the 
same  period  is  28-69  inches  ;  therefore  a  &kU  in  the  mercury  of  I'SS  inch  from 
the  mean  of  the  elevations  would  give  a  ninununi  of  23-96  inches  ;  a  depres- 
sion which  is  contemporary  with  violent  storms,  as  it  is  within  three-tenths  of 
the  mean  of  the  lowest  depressions  of  the  Barometer. 

In  fixing  the  Barometer  great  care  must  be  taken  to  place  it  perpcndicolar  ; 
a  situation  should  be  selected  subject  to  the  least  change  of  temperature,  for 
which  reason  a  northern  aspect  is  preferable  io  a  southern  ;  the  height  of  the 
cistern  of  the  Barometer  above  the  level  of  the  sea,  and,  if  possible,  the  differ- 
ence of  the  height  of  the  mercury  with  some  standard,  should  be  ascertained, 
in  order  that  the  observations  made  with  it  should  be  comparative  with  others 
made  in  di^rent  parts  of  the  country.  Before  taking  an  observation,  the  in- 
strument should  be  gently  tapped  to  prevent  any  adhesion  of  the  mercury  to 
the  tube,  the  gauge  should  be  adjusted  \ia  the  surface-line  of  the  cistern,  and 
the  index  of  the  Vernier  brought  level  with  the  top  of  the  mercury.  If  the 
Barometer  have  «.  Teruier  which  admits  the  light  from  behind,  the  lower  part 
of  the  pointer  must  make  a  tangent  with  the  convex  part  of  the  mercury  in 
the  tube.  In  reading  off  the  observation  the  eye  shonld  be  on  a  line  with  the 
mercury  ;  as  by  placing  it  above,  the  reading  would  be  too  low,  and  by  pla- 
cing it  below,  it  would  be  loo  high.    This  difference  in  the  manner  of  reading 
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This  instrument  also  varies  firom  the  common  Barometer, 
being  a  standard  in  itself,  the  actual  distance  between  the 
height  of  the  mercury  in  the  tube,  and  the  level  in  the  cistern 
having  been  measured  without  reference  to  any  other  Baro- 
meter. In  such  instruments  where  tlie  cistern  is  entirely 
enclosed  from  view,  an  allowance  must  be  made  to  reduce  the 
reading  on  the  scale  to  what  it  would  have  been  if  the 
mercury  in  the  cistern  had  been  adjusted  to  zero.  It  is 
evident  that  this  correction  of  the  height  of  the  column  of 
mercury  must  be  proportioned  to  the  relative  capacities  of  the 
cistern  and  the  bore  of  the  tube.  Thus  supposing  the  interior 
diameter  of  the  tube  to  be  ■!  its  exterior  '3,  and  the  diameter 
of  the  cistern  "9  inches,  tlie  ratio  of  the  areas  of  the  surfaces 
will  be  (81 — 9)  or  72  to  1.  The  difference  then  between  the 
observed  reading  of  the  Barometer  and  that  of  the  "  neutral 
point,"  which  is  the  height  at  which  the  mercury  stood  in  the 

oS  \g  called  error  from  pHrallax.  It  is  indispensable  that  a  reading  of  the  at- 
tached  Thermometer  be  made  simnltaoeously  with  the  obserratioa  of  the 
height  of  the  mercurj.  Accoracy  is  the  spirit  of  observation.  A  careful 
readii^  of  inches,  tenths  and  hundredths  produces  excellent  results  :  the 
Y^m  place  is  better  left  to  the  Bkill  of  the  old  observer  who  is  nsuall;  obliged 
to  estimate  it,  scarcely  any  Barometer  being  graduated  with  sufGcient  preci- 
sion to  trust  to  the  divisians  for  so  small  a  qnantitj. 

The  Barometer  is  slightly    afiectcd   periodicallj   during   the  twenty-four 
hours  :  at  9  a.m.  and  9  p.k.  it  stands  higher,  and  at  3  A-u.  aud  3  p.m.  it  stands 
lower  ;  the  mean  annual  difference  amounts  nearly  to  "03  of  an  Inch.     These 
four  periods  of  the  day  have  been  recommended  for  observation  by  the  Com- 
mittee of  Physics  of  the  Royal  Society.    It  is  usual,. fiirthe  sake  of  compari- 
son, to  reduce  the  observations  to  3£°  of  Fahrenheit. 
In- 
Ex.  If  barom.  stood  at  29-900  therm,  attached  5*", 
Correct  for  temp.    ~'057  (by  table). 

Height  of  barom,  at  I 
temp,  of  32°  J  28-843 

The  Wheel-barometer,  from  its  construction,  cannot  be  trusted  to  for  cor- 
rect heights  ;  it  merely  shows  if  the  mercury  be  in  a  rising  or  falling  state  : 
it  may  rather  be  considered  as  an  ornamental  piece  of  fUrniture  tlian  as  hav- 
ing the  slightest  pretensions  to  a  scientific  ii 
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tube  above  the  zero  mark  of  the  cistern  when  the  instrument 
was  first  made  (which  is  always  marked  N.  P.)  is  to  be 
diminished  in  this  proportion,  and  the  qnotient  applied  to  the 
observed  reading,  additive  when  it  is  above  this  standard, 
and  subtractive  when  below.  The  small  correction  for  the 
capillary  attraction  of  the  glass  tube,  the  effect  of  which  is 
constantly  to  depress  the  mercury  in  the  tube  by  a  certain 
quantity,  is  constant  and  additive,  and  is  generally  allowed 
for  by  the  maker  in  laying  ol?  the  nentral  point,  in  which 
case  no  ftirther  notice  need  be  taken  of  it 


o.     Ciatem  fif  Iron. 

b.  Thermometer  im- 
mersed m  ciateni. 

c.  Milled  screw  for 
moving  scale  e  up  or  down. 

d.  Yemier,  being  a  fix- 

«.  Scsle  divided  inl« 
inches,  lOths  and  lOOlha. 
The  scale  reads  down  to 
£0  inches. 

/  Index  arrow  to  bi- 
sect the  surface  of  mercury 
in  the  tabe. 

g.    Suspension  ring. 

At  the  back  of  the  scale 
e  the  neatrai  point,  capil- 
lar!/— ocfion,  attd  capacitUt 
are  engraved.  To  ren- 
der the  instniment  porta- 
bk,  or  not  portable,  the 
lower  part  of  the  cistern 
or  from  the  bottom  mould- 
ing to  the  centre,  is  capa 
bte  of  being  turned  half 
round,  and  an  arrow  in- 
dicates when  the  cistern 

doses  the  mercury,  so  aa  to  prevent  its  returning  into  the  cistern  which  then 
points  to  the  word>p<n-toH«  engraved  on  the  cistern,  the  opposils  direction 
allows  the  mercury  to  return,  and  the  ii 
but  serviceable. 


then  becomes  tiol  portable 
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The  Barometer  of  Troughton'a  or  Jones'  pattern.  Fig.  1, 
is  attached  to  the  stand  by  a  ring  in  which  it  tarns  round 
with  a  smooth  and  steady  motion,  for  the  purpose  of  plac- 
ing it  in  the  best  light  for  reading  off,  &c.;  bnt  in  New- 
man's more  modem  instruments.  Fig.  2,  the  tubes  are  enclosed 
in  a  bronzed  metal  case  with  a  simple  ring  at  the  top  by 
which  it  may  be  suspended  from  any  fixed  and  steady  pro- 
jection in  a  perpendicular  position,  thus  obviating  the  neces- 
sity for  a  tripod  stand.  This  instrument  is  merely  enclosed 
in  a  strong  leather  case,  -and  may  be  strapped  across  the 
back,  in  the  position  above  'described;  but  portable  as 
Newman's  instruments  are,  and  perfectly  secured  as  they 
seem  to  be,  still  the  greatest  caution  must  be  employed  in 
carrying  them,  especially  by  explorers  and  travellers  in  this 
country,  where  a  fresh  tube,  it  must  be  remembered,  is  not 
readily  supplied  and  properly  filled. 

It  is  of  course  preferable  to  have  two  Barometers  and  to 
make  simultaneous  observations,  as  during  changeable  wea- 
ther, dependance  caimot  be  placed  upon  results  with  only 
one;  particxilarly  ifawy  considerable  interval  ofUme  has  elapsed 
between  the  comparison  of  the  heights  of  the  mercury  at  the 
different  stations.  Even  the  method  of  noting  the  time  of  each 
observation,  ending  the  day's  work  at  the  spot  where  it  was 
commenced,  and  then  correcting  the  readings  of  the  Barometer 
and  Thermometer  at  each  Station,  for  the  proportion  of  the 
total  change  between  the  first  and  last  reading  due  to  the 
respective  intervals  of  time,  cannot  of  course  render  obser- 
vations taken  with  one  Barometer  equal  in  accuracy  to  those 
observed  simultaneously  with  two  instruments,  unless  the 
rise  or  fall  of  the  Barometer,  and  particularly  of  the  Thermo- 
meter, was  ascertained  to  have  been  uniformly  progressive 
during  the  whole  day.  Observing  however  the  Barometer  again 
at  the  first  station  at  close  of  the  day  has  this  advantage, 
that  any  great  change  during  the  period  will  be  immediately 
detected,  and  the  degree  of  dependance  to  be  placed  on  the 
observation  made  evident 
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The  dii&rence  of  readings  owing  to  these  changes  will  also 
he  generally  sabdivided  among  a  number  of  obaervations 
though  instances  may  occur  where  this  caution,  at  regards  the 
Tliermometer,  will  be  productive  of  error  in  the  result. 

In  exploratory  expeditions  into  distant  cotmtries  where  it  is 
obvionsly  impracticable  to  make  simultaneoas  observations  at 
the  difTerent  elevations  as  they  are  met  with  in  the  coiarse  of 
each  day's  journey,  the  comparisons  must  be  instituted  with  the 
observations  taken  at  any  fixed  observatory,  and  which  are 
generally  published  for  general  information,  or  at  any  known 
station  the  height  of  which  has  been  prevmuly  determined.  To 
effect  this,  the  traveller's  instrument  must  of  conrae,  in  the  first 
instance,  be  duly  compared  with  tiie  standard  in  the  obser- 
vatory, the  height  of  which  above  the  sea  level  is  known ;  or 
with  the  instrument  left  at  any  particular  Station,  where  the 
hours  for  observation  have  been  previously  mutually  agreed  on. 

The  two  Barometers  selected  for  the  measurement  of 
heights,  having  been  compared  with  each  other,  the  difference, 
if  any,  existing  between  them  will  be  determined.  The  whole 
of  this  diflference  called  the  Index  Error  being  applied  as  a 
correction  to  one  or  the  other  Barometer,  their  readings  will 
obviously  become  equalized.  • 

Under  ordinary  circumstances  probably  t«n  comparisons 
at  intervals  of  a  few  minutes  firom  each  other,  after  at  least 
half  an  hour's  quiet  exposure  of  both  instruments  side  by  side> 
would  be  sufficient  for  the  correct  determination  of  the  Index 
error  ahovementioned,  but  in  cases  where  the  Barometers 
do  not  maintain  a  constant  difference,  twenty,  thirty,  or  even 
forty  comparisons  may  be  taken  with  advantage.  Previous  to 
every  trial,  'the  Barometers  ought  to  be  thrown  out  of  ad- 
justment and  then  re-adjusted  and  observed.  After  every 
fourth  or  fifth  comparison  the  Barometers  should  be  reversed 
and  put  up  again. 

While  the  Barometer  comparisons  are  going  on,  the  attach- 
ed and  detached  Thermometers  may  likewise  be  compared. 
3  H 
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The  mean  difierqice  between  the  two  attached,  as  likewise 
that  between  the  two  detached  Thermometers,  being  computed, 
they  should  be  used  in  the  same  way  as  the  mean  difference 
between  the  two  Barometers,  viz.,  for  equalizing  their 
readings. 

After  these  preliminary  comparisons  have  been  execated, 
tlie  measurement  of  a  height  by  barometrical  obserration  may 
be  taken  in  hand.  For  this  purpose  an  observer  with  a  Baro- 
meter, and  a  detached  Thermometer  being  placed  at  the  lower 
Station,  and  another  observer  with  similar  instruments  being 
posted  at  the  upper,  let  them  observe  simultaneously,  that  is 
to  say,  at  certain  times  previously  fixed  upon,  continuing  the 
observations  for  as  many  days  as  may  be  convenient.  If  the 
weather  during  the  observations  be  clear  and  steady,  then  the 
difference  of  height  derived  from  this  measurement  would  be 
worthy  of  great  confidence. 

For  the  deduction  of  a  height  from  barometrical  observa- 
tions the  formula  commonly  made  use  of,  is  that  given  by  La 
Place.  It  takes  into  account  the  indications  of  the  Barometer 
and  Thermometer,  but  not  those  of  the  Hygrometer.  Per- 
haps this  omission  is  a  defect  of  La  Place's  process  of  compu- 
tation. Professor  Bessel  has  investigated  a  formula  in  which 
the  three  conditions  abovementioned  have  been  made  use  of. 
We  are  not  aware  that  this  formula  has  been  tested  by  a  suf- 
■ficient  number  of  experiments  to  warrant  its  introduction  into 
this  work. 

In  computing  by  La  Place's  formula,  the  symbols  used 
for  designating  observed  elements  are  as  follows : — 


-    «—"  ^-— ■ 

Stations. 

Upper.         Lower. 

„      Thermometer  attached,      ..     .. 
„      Barometer 

r 

T 
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Thia  being  premisedi  it  will  not  be  difficult  to  explain  tbe 
process  of  computation.  The  barometrical  columns  fl  and  ^ 
represent  atmospheric  pressure  at  the  two  given  Stations,  and 
as  the  lengths  of  these  colmnns  vary  with  tbe  temperature 
(  T  and  7*)  of  the  mercury,  it  is  clear  that  before  they  can  be 
used  as  elements  of  computation,  they  will  require  reduction  to 
one  common  temperature.  Again,  the  atmosphere  itself  as 
regards  density,  does  not  remain  in  one  invariable  mean  state; 
it  is  undergoing  continual  changes,  produced  by  the  greater  or 
smaller  amount  of  heat  existing  therein,  and  indicated  by  t' 
and  f.  This  being  the  case,  it  is  clear  that  the  correction  for 
temperature  must  form  an  important  part  of  tbe  deduction  of 
the  difference  of  height  from  the  difference  of  atmospberic 
pressure  at  two  given  places.  And  lastly,  the  force  of  gravity 
should  likewise  be  taken  into  account,  which  under  a  given 
latitude,  varying  with  the  height  ascended,  must,  though  in  a 
small  degree,  influence  and  modify  atmospheric  pressure  at 
different  elevations. 

These  are  the  general  considerations  upon  which  La  Pl^'s 
formula  for  the  deduction  of  height  is  based,  and  in  order  that 
.the  corrections  which  they  give  rise  to,  may  be  of  easy  com- 
putation. Tables  ^,  B,  Care  subjoined.  It  will  bo  Been  that  ^, 
furnishes  tbe  correction  for  the  temperature  of  the  atmosphere, 
B,  for  tbat  of  the  mercury,  and  C,  for  that  of  gravity  under 
any  latitude  X. 

We  will  explain  the  use  of  one  of  these  Tables,  A  for 
instance,  as  that  explanation  will  serve  for  the  others.  Enter 
this  Table  with  the  numerical  value  of  (t+^).  If  that  value 
is  forthconung  in  the  Table,  then  the  quantity  opposite  is  the 
proper  value  of  A. 
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Table  for  determining  Altitudes  with  the  Mountain  Barometer. 


t+f 

A. 

t+f 

A. 

t+f 

A. 

t+f 

A. 

40 

4-76891 

80 

478830 

120 

4-80e8£(' 

160 

4-83466 

4-70640 

81 

478877 

121 

4-80731 

101 

4-83609 

42 

4-70990 

82 

478924 

138 

4-80777 

163 

4-82G63 

43 

4-77039 

83 

4-78972 

133 

4-80823 

163 

4-82696 

44 

4-77089 

84 

479010 

134 

4-80867 

164 

4-82640 

45 

4-77138 

86 

479066 

126 

4-80912 

166 

4-82683 

46 

4-77187 

86 

4-79113 

186 

4-80967 

166 

4-82737 

47 

4-77330 

87 

479160 

127 

4-81003 

167 

4-82770 

4B 

4-77386 

88 

479207 

128 

4-81048 

168 

4-83813 

4a 

4-77336 

89 

479364 

1S« 

4-81003 

169 

4-83856 

so 

477384 

90 

4-79301 

180 

4-81138 

170 

4-82900 

61 

4-77483 

91 

4-79348 

131 

4-81183 

171 

4-83943 

S3 

4-77483 

98 

479895 

133 

4-81337 

173 

4-83086 

63 

4-77630 

93 

479443 

133 

4-81372 

173 

4-89039 

54 

4.77679 

94 

4-79488 

134 

4-61317 

174 

4-83073 

55 

4-77628 

95 

479536 

135 

4-81363 

175 

4-83116 

S6 

477677 

96 

479583 

136 

4-81407 

176 

4-83168 

67 

4-77725 

97 

4-79688 

197 

4-61461 

177 

4-83301 

58 

4-77774 

98 

479676 

198 

4-81496 

178 

4-83844 

69 

4-77823 

99 

479721 

139 

4-81640 

179 

4-83386 

60 

4-77871 

100 

479788 

140 

4-81686 

180 

4-83329 

fl] 

4-77930 

101 

479814 

141 

4-81639 

181 

4-83373 

% 

4-77968 

102 

479800 

142 

4-81674 

183 

4-83415 

4-78016 

103 

479907 

143 

4-81718 

188 

4-83467 

04 

4-78065 

104 

479963 

144 

4-81763 

184 

4-83600 

65 

4-78113 

105 

479999 

146 

4-61807 

186 

4-83648 

66 

4-7B161 

106 

4-80045 

146 

4-81851 

186 

4-83566 

W 

4-78809 

107 

4-80001 

147 

4-61805 

187 

4-83637 

68 

478267 

108 

4-80137 

148 

4-8IS39 

188 

4-83670 

69 

476306 

109 

4-8P183 

149 

4-81984 

189 

4-83713 

70 

478363 

110 

4-80230 

160 

4-83088 

190 

4-83754 

71 

4-78401 

111 

4-80376 

161 

4-83073 

191 

4-83797 

73 

4784*9 

113 

4'80331 

168 

4-83116 

192 

4-83839 

73 

478497 

113 

4-80367 

153 

4-82160 

103 

4-83881 

7* 

478644 

4-80412 

164 

4-82203 

194 

4-63923 

75 

47B692 

.116 

4-80458 

166 

4-82347 

196 

4-83966 

76 

4-78640 

lie 

4-80604 

166 

4-83301 

196 

4-84008 

77 

4-786S7 

117 

4-80649 

157 

4-83336 

197 

4-84050 

78 

4-78736 

118 

4-80596 

168 

4-82378 

198 

4-8409B 

79 

4'78T8S 

119 

4-80640 

169 

4-83429 

199 

4-84134 

SO 

4-78830 

120 

4-80686 

160 

4-88466 

300 

4-84176 
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Latitude  of  the 

place. 

T-T' 

B.  ■ 

T-T' 

B. 

X 

a 

X 

a 

0-00000  ■ 

SO 

0-00087 

e 

0-00112 

34 

0-00078 

0-00004 

21 

0^)0091 

9 

frOOlll 

25 

0-00075 

0-00009 

23 

0-00096 

0-00013 

33 

0-00100 

10 

0-00110 

36 

0-00073 

000017 

34 

0.00104 

11 

OflOlOS 

27 

0-00069 

0-00032 

35 

0-00109 

13 

0-00107 

28 

0-00065' 

0-00026 

SB 

O-O0113 

13 

0-00106 

29 

0-00063 

0-00030 

27 

0-00117 

14 

0-00103 

30 

0D0059 

\    « 

0-00035 
0-00039 

28 
£9 

0-00123 

ODoiae 

15 

0-00100 

31 

0-00056 

0-00043 

30 

0-00130 

18 

0-00099 

S3 

0-00051 

0-00048 

31 

0-0013* 

17 

040097 

33 

0-00048 

0-00063 

S3 

0-OOlSO 

18 

0-00096 

84 

0-00044 

0-00066 
0-00061 

34 

0-00143 
0-00147 

19 

0-00002 

36 

0-00040 

0-00066 

3fi 

0-001&3 

30 

0-00090 

se 

0-00036 

0-00069 

36 

0O0156 

21 

0-00067 

37 

'0-00033 

0-00074 

37 

0-00190 

32 

0-00084 

36 

0-00028 

0-00078 
0-00083 

38 
39 

0-00165 
0-00169 

23 

OKWOBl 

38 

0-00024 

20 

0-00087 

40 

0-00173 

84 

0.00078 

40 

0-00020 

If  it  be  not  forthcoming  then  take  out  A  for  (t+t')  next 
less,  and  correct  it  in  this  way: — Compute  the  difference 
between  the  Tabular  quantities  next  less  and  next  greater 
than  the  required  value.  Multiply  this  diiference  by  the 
excess  of  the  given  argument  above  the  Tabular  argument 
next  less;  the  product  is  the  correclion  required,  which  is 
positive  because  the  Tabular  quantity  A,  forms  an  increasing 
series.  In  a  similar  manner,  quantities  B  and  C  may  be 
computed. 

Calculating  B,  A,  and  C,  from  the  Tables  given  above,  and 
taking  out  the  Logarithms  of  /3  and  l^  from  a  common  Table 
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of  Logarithms,  the  computation  of  the  difference  of  height  may- 
be effected  in  the  following  manner: 

Put  n=Log.  /?— (Log.  Ii'+  B) 
Hence  Log.  a;=Log.I?+^+  C. 

X   being  the   difFerence    of   altitnde   in    feet,   between    the    two   - 
Stations. 

J?educfion  of  the  Height  of  Sonakoda   G.    T.  Station  above  Calcutta  I 

Observatorff,  by  using  the  six  simultaneous  Barometrical  observations  \ 

made  at  both  places  on  the  6th  December,  1847.  I 


Mean  Latitnde,  =  24°  2i'  (Table  column  C)  0-00077 

Upper  Station,  Sonakoda,  Lower  Station,  Calcutta  Obserratoiy. 


Upper,  Lower. 

Thennometer  in  open  ur,...  If  ^  TO-8  i  •*  72*8 

ThernuHneler  attached,   ...  7*=  70-8  T=  73-2 

Barometer, ^  =  S9-fl57  j3  —  36'169 

(r—7»)=2-4(Table,colnninB.)0'0O'>n  ;((+[')  =  143-6 (Table, column^.) *'817*5 
.-.  S  — 0-00011 


Log.  jii  —  1-47650 


Log,  ^'+B=  1-47661 
Log.  J5    ...  =  1-47956 


,  Difierence  =  0-00295     Log.... 


I^.=  3-46983 

from  column  C  =  0-00077 
from  column  A  =•  4-B1745 


3-38804 


Difference  of  height  =  194-1  feet. 


The  Barometers  used  at  Sonakoda  were  those  marked  Nos.  2 
and  3  by  Troughton  and  Simms,  of  which  the  mean  is  taken 
as     the     numerical    value     fy    /3',       The    standard    Barometer 
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No.  86,  by  Newman    was    observed  at    the   Calcutta  Ob- 
servatory. 

By  6  corresponding  barometrical  observations  on 
tKe  6th  December   1847i  the  mean  height  of  the 

cisterns  of  Barometers  Nos.  2  and  3,  above  the  cistern  Feet 

of  the  Calcutta  Barometer  as  deduced  above  is 194'l 

By  6  similar  observations  on  the  7th  December,. .  192*1 

Ditto  ditto  8th  ditto,  ...,.». 194-7 

Mean, 193-6 

The  cisterns  of  Nos.  2  and  3  above  the  station 

mark,    — 2-0 

Ditto    of  Calcutta  Barometer  above  sea  level,  ^-18'2 

Height  of  Sonakoda  Station  above  sea  level  baro- 

metric^Iy,     209-8 

The  same  deduced  geodetically, 213-8 


Discrepancy,  . 


The  deduction  of  this  height  of  the  Sonakoda  Base  in  the 
Fumeah  district  at  adistance  of  255  miles  from  Calcutta,  agrees, 
as  will  be  perceived,  remarkably  well  with  the  Trigonometri- 
cal Calculation,  the  difference  being  only  4  feet.  This 
proves  the  advantage  of  the  systematic  record  of  meteorologi- 
cal observations  at  a  fixed  observatory.  The  scientific 
researches  of  an  o£Bcer  lately  employed  in  Kumaon  tend  to 
prove  that  his  barometrical  observations  even  across  the 
Himalaya,  follow  all  the  Calcutta  moTements — and  this  view 
of  the  subject  is  confirmed  by  the  deductions  of  the  heights  of 
the  several  mountains  in  Sikhim  and  Eastern  Nepal  by  the 
accomplished  traveller,  lately  traversing  those  parts,  by  means 
of  similar,  simultaneous  data,  which  have  approximated  in  a 
remarkable  manner  to  the  trigonometrical  results  obtained  by 
the  Surveyor  General  of  India.  This  adds  therefore  a  pe- 
culiar value  to  the  Calcutta  Register  and  renders  the  observa- 
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tions  there  taken  of  great  service  to  the  trareller.  The  day 
carves  given  in  this  register  are  quite  perfect,  but  it  wants  the 
Z  a.  m.  and  10  p.  m.  observations  to  make  it  complete  as  a 
meteorological  record. 

An  example  of  the  difference  of  elevation  between  the  top 
of  the  monastery  hill  at  Darjeeling,  and  Mr.  Mailer's  house  at 
the  same  place  worked  out  by  Bessel's  and  La  Place's  formulae 
give  the  foIlQwing  results: 

ByBessel,     214-20  Feet. 

By  La  Place,     214-35 

.  Difference,    0-15 

and  agreemg  with  the  trigonometrical  height  by  0-9  feet. 
The  difference  therefore,  caused  by  the  hygrometric  state  of 
the  atmosphere,  and  allowed  for  by  Bessel,  but  not  taken 
into  account  by  La  Place,  does  not  appear  to  be  worthy  of 
notice. 

A  set  of  most  useful  "  Tables  for  determining  the  altitudes 
of  mountains  by  the  Barometer  and  boiling  point  Thermometer," 
have  lately  been  published  by  Lieut.  Colonel  J.  T.  Boileau, 
the  Superintendent  of  the  Simlah  Magnetic  Observatory,* 
and  no  traveller  should  go  without  tbem.  The  barometrical 
Tables  computed  from  Oltmann's  formulae,  are  particularly 
convenient,  especially  for  persons  who  are  not  "accustomed 
to  logarithms.  "  The  comparisons  of  En^ish  and  Trench 
measures  and  of  the  different  Thermometers"  are  also  fre- 
quently required  for  reference  in  a  country  where  you  cannot 
always  choose  your  own  instruments,  or  foresee  whether  a 
Centigrade,  Reaumur,  or  Fahrenheit  Thermometer  is  to  be 
used.  The  thermometrical  Tables  for  finding  the  heights  of 
the  Barometer  corresponding  to  different  boiling  points,  have 
been  computed  from  Regnault's  Table  of  the  Elastic  Forces 
of  aqueous  vapour,  published  in  Taylor's  Scientific  Memoirs, 

"  Printed  at  ike  Magnetic  Observatory  Press,  Meemt,  July  1849. 
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volume  4tli,  to  every  tenth  of  a  degree  of  Falirenh«it  Tlie 
whole  of  these  Tables  are  too  elaborate,  for  any  thiog  beyond 
a  parsing  remark  in  this  work,  but  we  may  safely  recommend 
the  compilation  to  general  notice,  and  express  a  hope  that  the 
intention  hinted  at  in  the  Preface  "  of  a  reprint  with  additjons," 
may  be  speedily  carried  out  We  must  therefore  content 
ourselves  with  giving  a  general  explanation  of  this  latter 
mode  of  proceeding  for  the  determination  of  heights. 

Thermometeically. 

Those  only,  who  have  had  any  practical  experience  with 
such  delicate  and  expensive  instruments,  as  Mercurial  Moun- 
tain Barometers,  can  be  fully  aware  of  the  disappointments 
met  with  in  a  country  like  this,  where  the  dangers  and  diffi- 
culties experienced  with  instruments  of  this  description,  are 
so  constant,  and  the  means  of  transit  so  unsuited  to  their  use, 
and  for  replacing  them  iirom  such  great  distances,  any  sub- 
stitute, therefore,  by  which  the  heights  of  places  may  be 
measured,  cannot  fail  to  be  extremely  nsefol  in  many  instances 
and  situations,  which  are  perpetually  occurring  with  travellers 
and  explorers  in  the  countries  bordering  on  the  British  posses- 
sions in  India.  The  common  Thermometer  has  been  frequently 
practised  in  India  for  determining  heights  by  the  different 
temperatures  of  boiUoff  water.  According  as  the  atmospheric 
pressure  dlminbhes,  so  does  water  boil  at  lower  temperatures, 
and  thus  the  boiling  point  of  water  at  different  heights  is 
computed  to  measure  these  heights.     The  Thermometer  used 

OS  THB   UBB   OP   COMMOH   THERMOSIETERB    ro   DBTXHMHIE   HBlGBTg. 


Having  been  recenlly  applied  to  by  two  gentlemen  about  to  trarel— the  one 

in  Africa  and  the  other  in  Asia  Minor— for  a  deeoriptjon  of  the  ThermiHnetere 

nnd  apparatus  uaed  by  myself  for  some  years  in  India  for  determining  heights 

by  the  boiling  tompentture  of  water,  I  have  ventured  to  believe  that  a  brief  ac- 
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for  this  particular  pvirpose,  is  described  by  Lieut.  Colonel  W. 
H.  Sykes,  F.  R.  S.,  in  the  8th  Tolume  of  the  London  Geographi- 
cal Journal,  wherein  he  has  also  ffvea  the  Tables  deduced  by  the 
late  James  Prinsep,  to  &ciUtate  the  computation  of  altitudes, 
as  well  as  examples,  lor  their  practical  application.  These  we 
have  given  in  the  foot  notes,  rendering  but  little  farther  ex- 
planation necessary.     The  instrument  with  boiling  apparatus 


count  of  a  process  wbich  I  fouod  to  produce  results  sufficiently  near  to  the  tmith 
for  moat  practical  purposes,  maj  not  be  nnacceptable  to  Bome  members  of  the 
Society,  farticularly  as  I  otunied  on  mj  barometrical  obaerrations  contem- 
portmeouslj,  and  thereby  obtained  data  for  fixing  the  value  of  certain 
points  on  Che  thermometric  scale.  To  determine  heights  accurately,  good 
Barometers  are  necessary,  which  have  been  carefully  compared  with-a 
standard  Barometer  ;  the  observations  must  be  taken  simultaneously  at 
the  upper  and  tower  stations,  and  the  temperature  of  the  mercury  and 
the  air,  and  the  hygrometric  state  of  the  latter,  must  be  noted.  Heights  so 
determined,  when  tested  again  in  the  same  or  succeeding  years,  I  have  rarely 
found  to  vary  more  than  10  or  SO  teet  in  1000  or  5000.  When  Barometers 
are  used  which  have  not  been  previously  compared  with  a  standard,  when  the 
observations  are  not  simultaneous,  and  when  the  pressure  and  temperature  at 
the  level  of  the  sea  are  tuiumtd,  the  results  may,  by  accident,  be  near  to  the 
trolii,  but  they  wiU  usually  be  from  100  to  300  feet  wrong, — at  least  snch 
is  the  result  of  my  experience  within  the  Tropics.  But  good  Barometers  are 
very  costly  i  they  are  troublesome  to  carry,  are  particularly  exposed  to  acci- 
dent on  a  journey,  and  get  out  of  order  by  the  escape  of  the  mercnry,  which 
being  frequently  unobserved,  the  Barometer  continues  Ui  be  used  as  if  it  were 
correct.  The  lal«  Archdeacon  WoUaston,  aware  of  these  facts,  invented 
the  thermometric  Barometer  to  supply  the  place  of  the  ordinary  Barometer. 
This  instrument  is  very  sensible,  but  it  is  very  fragile  from  the  great 
weight  of  the  bulb  compared  with  the  slendemesa  of  the  stem  ;  moreover, 
there  are  some  complex  accompaniments,  and  the  instrument  is  also 
expensive  ;  in  short,  I  found  it  not  fit  for  raugli  work  out-of-doors,  hav- 
ing had  three  destroyed  at  the  outset  of  my  labours ;  and  the  same 
opinion  is  expressed  by  Mr.  James  Prinsep,  of  Calcutta,  who  is  well  known 
for  the  [mwHical  application  of  his  stientific  knowledge.  I  bad  then  recourse 
to  common  Thermometers,  and,  with  certain  precautions  in  their  use,  found 
them  answer  my  purpose  sufficiently  well  A  tin  shaving-pot  was  my  boiler  g 
dry  sticks  and  pure  water  were  usually  to  be  had,  and  by  the  time  my  Baro- 
meters were  settled,  I  was  ready  to  take  the  boiling  temperature.  Hie 
following  is  a  sketch  of  the  apparatus. 
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complete  U  extremely  etmple,  and  any  Thermometer  with  metal 
scale,  reading  sufficiently  high,  may  be  adapted  to  the  gkaving 
pot  as  described  by  Colonel  Sykes.  The  great  portability, 
and  less  Kability  to  injury  over  the  Barometer  is  the  diief 

It  will  b«  seen  that  the  chief  part  of  the  scale 
usually  attached  to  the  Thennometer  is  r«noTed, 
only  so  much  of  it  being  left  as  may  be  desirable  ; 
I,  howerer,  peiTuitted  the  brass  scale  of  one  of  my 
ThermoDieters  to  remain,  and  I  did  not  discover 
that  it  waa  the  cause  of  error.    PreTiously  to 
taking  the  Thennometers  inland,  it  ia  necessftry  to 
ascertain  their  boiling  points  at  the  level  of  the 
sea  ;  for  in  many  instances  the  scales  are  BO  care- 
lessly applied,  that  a  Thermometer  may  indicate  a 
boiling  tamperatare  of  213°,  214°,  or  215°  at  the 
level  of  the  sea  ;  one  of  mine  stood  at  2U-S  when 
water  boiled.    Nevertheless,  by  making  a  dednctjon 
of  a°  a*  in  all  observation,  the  indications  rarely 
differed  Rve-hundretba  of  a  degree  from  the  other 
Thermometer,   of  which  the   boiling   point   was 
913°  :  the  temperature  of  the  air  and  the  height  of 
the  Barometer  at  the  time  the  ver\ficatiiM  of  the 
Thermometers  is  made  must  be  noted.    The  follow- 
ing is  the  manner  in  which  my  observations  were 
taken ;— from  4  to  S  inches  of  pun  water  were  put 
into  the  tin  pot ;  the  Thermometer  was  fitted  into 
the  aperture  in  the  lid  of  the  sliding  tube  by  means 
of  a  collar  of  oork  ;  the  tin  tube  was  then  pushed  up 
or  down  to  admit  of  the  bulb  of  the  Thermometer, 
being  about  hm  itahea,  above  the  bottom  of  the  pot    tube 
Violent  ebullition  was  continued  for  10  minutes 
a  quarter  of  an  hour,  and  the  height  of  the  mercury    throug'fa  a  collar 
was  repeatedly  ascertained  during  that  time,  and    ^^  tS"^emoZtor'ta 
the  temperature  of  the  air  was  noticed.    Similar    placed. 
■  «p.«tl.n.w«.r.p«Wwlth.»»,JTl,.™m..    ^SJ 'rS:'£'..tft 
ter,  for  it  is  never  safe  to  rely  upon  oiu  instrument.     °°-^  '^  ™&y  be  desirable. 
H.Tmg  obainrf  ».  boiUig  polnU,  It  «n.d«,  to    oAJS"  '"  ""  ""'" 
det«nnine  the  value  of  the  indicBtian  of  diminished 

pres«nre  when  the  observations  are  taken  above  the  level  of  the  sea.  The 
elMtie  tension  of  steam  at  different  points  on  the  thermoroetric  scale  has 
been  determined  by  experiment,  but  not  at  regular  intervals  on  the  scale,  nor 


9  inches  high  by  2  in  tUa- 

B.  A  gliding  tube  of 
the  movlnif  up  and  down 
the  pot;  the  head  of  the 
.  be  is  closed,  but  has  a 
slit  in  it,  C,  to  admit  of 
the  Thsnnometer  passing 
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recommendation  of  this  instrument,  for  of  course  the  same 
accuracy  cannot  ba  expected  from  it.  The  results  deducect 
from  the  use  of  these  Tables  appear  always  rather  Us*  than 
those  obtained  from  careful  barometrical  observations,  and  if 

witb  simikr  results,  by  difierent  persons :  TableB,  (Jiereibre,  cominited  from 
the  formutffi  of  the  various  experimenters,  do  not  accord  ;  but,  in  three  Tables 
which  I  bave  in  mj  possession,  the  heights  computed  hy  them,  when  compar- 
ed with  heights  determined  by  corresponding  barometricsl  observations  with 
previously  compared  Barometers  (the  only  satisfactory  way  to  ascertain 
heights  not  taken  trigonomeCricaUy,)  approximate  sufBciently  near  for  all 
practical  purposes  where  great  accuracy  is  not  desired.  These  Tables,  how- 
ever, differ  slightly  from  each  other. 

The  Table  which  Rrst  oame  into  my  hands  appeared  anonymously  in  the 
Madrtu  Gazette  for  1824.  In  1826,  an  able  Mend,  Lieut.  Bobinson,  of  the 
Indian  Navy,  who  entered  warmly  Into  my  Tiews  t«  determine  heights  by 
common  Thermometera,  thought  he  could  improve  upon  theTablel  wasnung, 
and  accordingly  made  a  new  computation  :  the  third  Table  came  under  my 
notice  much  more  recently  tiian  the  two  former.  It  is  computed  by  Mr,  James 
Prinsep,  of  Calcutta,  Secretary  of  the  Auatic  Society  of  Bengal,  a  geolJemaii 
distinguished  for  his  scientific  research.  He  pnl>liabed  it  in  the  Journal  of  the 
Society.  To  admit  of  a  just  estimate  being  ibrmed  of  the  value  of  t^ese 
Tables, — of  the  value  of  corresponding  barometrical  observations,  made  with 
due  precautions,  although  with  difl^rent  coadjutors  and  different  instrumentB, 
— of  the  value  of  barometrical  observations,  with  an  assumed  pressure  and 
temperature,  at  the  level  of  the  sea, — of  the  value  of  thermometlical  compared 
with  barometrical  observations, — out  of  many  hundred  heights  determined  io 
various  ways,  I  have  taken  many  at  random  (the  number,  it  appears,  is  eighty- 
eight)  and  I  have  pif  t  them  into  juxtaposition  in  a  Tabular  form.  In  thermome- 
tric  heights,  the  elements  at  the  level  of  the  sea  were  a  boiling  temperatoro 
of  212°Fahr.  and  a  mean  temperature  of  the  air  of  82°.  The  oAtuineJ  pressure 
in  heights  determined  barometrically,  without  corresponding  observations,  was 
30  inches  ;  mean  temperature  82°.  In  looking  over  the  tabulated  results,  I 
was  a  good  deal  surprised  to  find  that  in  no  instance,  by  whatever  method 
determined,  do  the  barometric  differences  in  height  exceed  127  feet,  and  this 
iHity  by  comparing  the  highest  indications  wilb  an  assimied  pressure  with  the 
lowest  indications  of  correspondii^  observations.  It  will  be  seen  that  the 
various  Tables  for  determimng  heights  thermometrically,  with  certain  excep- 
tions, do  not  diBcr  very  materialli/  in  tl^'  results  from  each  other,  nor  from 
corresponding  barometric  observations  ^he  formulse  on  which  they  are  found- 
ed may  therefore  be  considered,  on  the  whole,  sufficiently  accurate  for  the 
present  state  of  our  knowledge. 
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a  number  of  careful  observations  obtained  by  botli  methods 
are  compared  together,  or  with  a  trigonometrical  or  levelling 
process,  they  will  afford  the  means  of  makii^  any  necessary 

Lieut.  Robioaon  and  Mr.  Pringe p'a  Tables  give  close  approximations  to 
each  other  iii  their  results,  but  they  are  so  oinch  below  the  corresponding 
barometric  observatioDS,  which  I  consider  the  tme  heights,  aa  the  results  by 
the  Madras  Table  are  above  the  true  heights.  Some  of  them  curiously  coin- 
dde  within  a  foot  or  two  of  the  heights  determined  by  corresponding  barome- 
trical obeeriMions,  but  this  coiooidence  must  be  the  result  of  mere  accident. 
Taking  the  mean  of  all  the  thermometric  observations  at  a  station  calculated 
by  the  three  Tables,  and  the  mean  of  all  the  corresponding  barometric  obser- 
vations at  the  same  place,  the  utmost  difference  is  107  feet  in  less  than 
600  i  and  the  least  difference  is  B  feet  in  abont  aooo  i  bat  as  the  ther- 
mometric heights,  in  which  the  difference  of  107  feet  occurs,  were  single 
obaerva^ons,  made  by  a  gentleman  who  had  newly  begun  to  Tt»e  his 
Thermometers,  they  may  be  looked  upon  as  probably  less  accurate  than 
subsequent  trials  would  have  made  them.  This  ia  scarcely  an  unjust 
inference,  as  it  will  be  seen  that  the  nest  greatest  difference  made  by  the 
aame  gentleman  was  only  24  feet  in  4490.  It  mnat  be  admitted,  however, 
that  this  amount  of  error  is  just  as  likely  to  occur  in  heights  of  100  feet  as  in 
those  of  10,000.  My  Thermometers  were  not  graduated  to  less  than  half-degrees, 
and  long  practice  enabled  me  to  determine  the  height  of  the  mercury  in  the 
steam  to  one-twentietb  of  a  degree  ;  bat  I  would  recommend  Thermometers  be- 
ing used  in  which  the  degrees  are  graduated  to  fifths  or  tenths  of  a  degree. 
On  the  whole,  I  think  the  results  of  six  years'  experience  justify  me  in  saying 
that  common  Thermometers  may  be  satisfactorily  used  to  supply  the  place  of 
Barometers  in  measuring  he^hta  where  great  accuracy  is  not  required  ;  and  it 
will  be  recollected  that  what  ia  usually  looked  upon  as  a  difficult  and  trouble- 
some operolioD  with  Barometers,  will  be  attainable  by  any  person  who  carries 
with  bim  a  couple  of  Thermometers,  the  requisite  tin  pot,  and  the  Tables,  and 
who  is  maater  of  the  simplest  rules  of  arithmetic 

Of  the  three  Tables  in  my  possession,  I  have  chosen  Mr.  Prinsep's  from 
their  perspicuity  and  the  facihties  they  o&r  for  the  conversion  of  boiling  tem- 
peratures into  heights  with  very  little  trouble  ;  but  a  glance  over  the  figures  in 
my  Tables  of  Altitudes  will  show  that  the  Tables  are  susceptible  of  consider- 
able improvement,  for  with  two  exceptions,  all  the  heights  deduced  firom 
Mr.  Prinsep  and  Lieut.  liobinson's  are  much  below  those  determined  by 
simultaneous  observations  with  good  Barometers  i  and  I  join  with  Mr.  Prinsep 
in  expressing  a  hope  that  every  traveller  boiling  his  Thermometers  will,  at  the 
aame  time,  if  he  possess  a  Barometer,  make  a  record  of  its  indication,  and  thus 
render  essential  service  to  physics,  by  fixing  so  many  points  on  the  soile  of  the 
elastic  tension  of  steam  at  diflerent  temperatures. 
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corrections  in  Uie  Tables.  The  approximation,  however,  ia 
sufficiently  close  in  the  examples  ^ven  in  Colonel  Sytes' 
book,  as  to  indace  great  confidence  in  the  method,  and  espe- 


Tofind  the  Banrnietric  Preature  and  Elevation  corretpottditig  to  any  obatrved 
TanperatHTt  of  Boning  Water  betaeen  2H°  and  I6ff. 


Barometer 

Total  Alti- 

Value of 

Proportiona 
PartfbrOne 

tenth  of  a 
Degree. 

Boiling 

Point  of 

modified 

from 
Tredgold's 
Fonnula. 

LMSarithmic 
Oiflerences  or 
Fathoms. 

tude  from 
30-00  in.  or 
the  Level  of 

the  Sea. 

each  De- 
gree in 
Poet  of 

Altitude. 

o 

Feet. 

Feet 

Feet. 

314 

31-19 

00-94-3 

—1013 

—606 

313 

3049 

84-5 

507 

—607 

313 

30-00 

84-0 

0 

+500 

S11 

8943 

85-3 

+500 

611 

61 

a  10 

1!8'85 

86-6 

1031 

613 

809 

38-30 

86-8 

1634 

615 

308 

87-73 

86.3 

3049 

617 

307 

87-18 

86* 

8666 

510 

63 

306 

36-64 

67-1 

3086 

533 

205 

36-11 

87-6 

3607 

534 

304 

26-50 

87-8 

4131 

636 

903 

35-08 

88-1 

4657 

688 

»)3 

34-58 

88-5 

6185 

6S1 

63 

301 

34-08 

88-9 

6716 

63S 

soo 

33-60 

89-3 

6350 

636 

199 

23-11 

89-7 

6786 

638 

198 

32-64 

00-1 

7384 

541 

54 

197 

3217 

00-5 

7864 

543 

106 

31-71 

91-0 

8407 

646 

10S 

31-26 

91-4 

8S53 

548 

191 

30-83 

91-8 

9502 

561 

55 

193 

30-39 

92-3 

10053 

563 

193 

10-96 

98« 

10606 

566 

191 

10-54 

83-0 

11161 

658 

100 

1913 

83-4 

11719 

660 

56 

189 

18-78 

93-8 

12380 

663 

188 

18-38 

94-3 

13843 

665 

187 

17-sa 

94-8 

13408 

669 

67- 

186 

17-64 

9fi-3 

13077 

673 

185 

17-16 

95-9 

14648 

676 

58 

-     1S4 

16-79 

96-4 

16134 

578 

183 

16-43 

06-9 

16703 

681 

188 

16-06 

07-4 

16384 

664 

181 

16-70 

97-9 

16868 

587 

180 

15-36 

17466 

50 

The  Fotirth  Column  gives  the  Heights  in  Feet. 
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cially  for  determining  the  comparatioe  altitudes  of  places  in  a 
mountainous  country. 

The  Tables  being  given  in  degrees  of  Fahrenheit,  it  will 
be  necessary  in  case  Centigrade  Thermometers  are  used,  to 
convert  these  indications  into  the  corresponding  ones  of  Fahren- 
heit, for  which  the  formula  is  f=-i — I-  32   whenever  the 


TaiU  of  Midtipliera  to  correct  the  Approxim, 
of  lie  Air. 


«  Height  for  tAa  Tetaperatxre 


Tempera- 

Tempera- 

Tempera- 

turfof 

turrof 

Multiplier. 

ture  of 

MoltipliOT. 

the  Air. 

the  Air. 

the  Air. 

aa 

1-000 

63 

1-048 

73 

1-069 

89 

1-002 

1-044 

73 

1-085 

34 

1-004 

64 

1-046 

74 

1-087 

3fi 

1-006 

66 

1-043 

76 

i-oe9 

36 

1-ooe 

66 

1-060 

76 

1-091 

37 

l-OIO 

67 

1-062 

.      77 

1-004 

98 

1-013 

68 

1-064 

76 

1-096 

99 

1-015 

69 

1-066 

79 

1-098 

40 

1-017 

60 

1-058 

80 

llOO 

41 

1-019 

61 

t-060 

81 

1-102 

43 

1-021 

63 

1-062 

82 

1-104 

43 

1-083 

63 

1-064 

83 

1-106 

44 

1-026 

64 

1-068 

84 

M08 

46 

1-027 

65 

1-069 

85 

1110 

4t( 

1-028 

66 

1-071 

B6 

1113 

47 

1-031 

67 

1-073 

87 

1-114 

48 

1-083 

68 

1-076 

88 

1110 

40 

1-036 

69 

L-077 

80 

1-118 

50 

1-037 

70 

1-079 

90 

1-131 

61 

1-039 

71 

1-061 

91 

1-123 

Enter  with  the  mean  temperature  of  the  stratum  of  air  traversed,  and  ntul- 
liply  the  approxinmle  height  by  the  number  opposite,  for  the  true  altitude. 
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degrees  are  above  the  freezing  point  of  water,  and  tnce  versd, 
for   converting  Fahrenheit    into    Centigrade    measure — the 

formula  will  be  0=-^^ ^ 

When  the  Thermometer  has  been  boiled  at  the  foot  and  at  the  summit  of  a 
motutwn,  nothing  more  is  necessary  than  to  deduct  the  nofflber  in  the  column 
of  feet  opposite  (he  boihng  point  below  from  the  same  of  the  boiling  point 
above:  this  gives  an  approximate  height,  to  lie  molUplied  by  the' number 
opponl«  the  mean  temperature  of  the  »r  in  Table  IL,  for  the  correct  attitude. 

"  feet. 

Boiling  point  at  summit  of  Hill  Fort  of  Furundhur.near  Puna  204 '2  =4027 
Boiling  point  at  Hay  Cottage,  Puna 2087  ^  1690 

Approximate  height    2337 

Temperature  of  the  ur  above 7S° 

Ditto  ditto  below 88 


IMSerence  — B3 
When  the  b<»ling  point  at  the  upper  stadon  alone  h  observed,  and  for  the 
lower  the  level  of  the  sea,  or  the  raster  of  a  distinct  Barometer  is  taken, 
then  the  barometric  reading  bad  better  be  converted  into  feet,  by  the  usual 
metbod  of  subtracting  its  logarithm  from  1 '477  IS  (log-  of  30  inches)  and  mul- 
dplying  by  '0006,  as  the  differences  in  the  column  of  '  Barometer'  vary  more 
rapidly  than  those  in  the  'feet'  column. 

Example. — Boiling  point  at  upper  station 186°^  14948 

Barometer  at  Calcutta  (at  83")  29  in.  75° 
Logar.  diff.=l -47712— 1-47349=00863     X0006=      218 
,  Approximate  hdght 14830 


Correct  altitude 15763 

Assuming  30-00  inches  as  the  averse  height  of  the  Barometer  at  the  level 
of  the  sea  (which  is  however  too  much),  the  altitude  of  the  upper  station  is  at 
once  obtained  by  inspection  of  Table  L,  correcting  for  temperature  of  the 
stratum  of  wr  traversed  by  Table  IL 
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CHAPTER  XXIII. 


On  Levelling. 


Levelling  is  the  art  of  tracing  a  line  at  the  surface  of  the 
earth,  wliicb  shall  cat  the  directions  of  gravity  everywhere 
at  right  angles.  If  the  earth  were  an  extended  plane,  all 
lines  representing  the  direction  of  gravity  at  every  point  on 
its  surface  would  he  parallel  to  each  other;  but  in  conse- 
quence of  ita  figure  being  that  of  a  sphere  or  globe,  they 
everywhere  converge  to  a  point  within  the  sphere  which 
is  eqoi-distant  from  all  parts  of  its  surface;  or,  in  other  words, 
the  direction  of  gravity  invariably  tends  towards  the  centre  of 
the  earth,  and  may  be  considered,  as  represented  by  a  plumb- 
line  when  hanging  freely,  and  suspended  beyond  the  sphere  of 
attraction  of  the  surrounding  objects. 


In  the  above  diagram  let  the  straight  line  AB  represent  the 
stirfW:e  of  the  earth,  upon  the  supposition  of  its  being   an 
3  o 
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extended  plane,  the  direction  of  gravity  at  the  points.  A,  I, 
and  B,  would  be  represented  by  the  lines  A  C,  ID,  and  BE, 
alt  parallel  to  each  other,  and  at  right  angles  to  the  horizontal 
tine  AB.  Now  if  the  surface  was  iindulatory,  as  shown  by 
the  curved  line  AB,  and  it  was  required  to  make  a  section 
representing  it,  an  instrnment  capable  of  tracing  out  a  line 
parallel  to  the  horizontal  line  AB  (as  a  spirit-level)  might  be 
set  up  any  wliere  on  the  surface,  as  at  /,  and  staves  being 
placed  or  held  along  the  line,  as  at  a,  b,  c,  d,  Sfc,  the  different 
heights  above  the  ground  where  such  staves  were  intersected 
by  the  lines  so  traced  out,  would  at  once  show  the  relative 
level  of  all  those  points,  with  regard  to  the  horizontal  line,  as 
a  datum  or  standard  of  comparison. 

But  as  the  earth  is  a  globe,  its  circumference   must  be 
circular,  as  IKL,  in  the  annexed  figure : 


the  straight  line  AB,  will  therefore  not  represent  the  surface 
of  the  earth,  but  the  sensible  horizon  of  an  observer  stationed 
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at  the  point  /,  to  which  point  it  is  a  tangent,  being  at  right 
angles  to  the  radios  of  the  circle  (or  semi-diameter  of  the 
earth)  IC.  A  line  which  is  parallel  to  the  sensible  horizon  of 
the  observer,  is  the  line  traced  out  by  our  spiriHevels,  and  is 
a  tangent  to  the  earth's  surface  at  that  point  only  where  the 
instrument  is  set  up:  thus  AB  h  a,  tangent  at  I,  and  DE  a 
tangent  at  F;  sucli  being  the  fact,  the  difference  of  level  be- 
tween any  two  points  cannot  be  determined  by  simple  refer- 
ence to  a  horizontal  line,  since  every  point  on  the  surface  of 
the  globe  (however  near  to  each  other)  has  a  distinct  hori- 
zon of  its  own. 

If  the  earth  were  everywhere  surrounded  by  a  fluid  at 
rest,  or  that  i\s  surface  was  smooth,  regular  and  uniform, 
every  point  thereon  would  be  equally  distant  from  the  centre ; 
but  in  consequence  of  the  undulating  form  of  the  surface, 
places  and  objects  are  differently  situated,  some  further  from, 
and  others  nearer  to,  the  centre  of  the  earth,  and  conse- 
quently at  different  levels.  The  operation  of  levelling  may 
therefore  be  defined  as  the  art  of  finding  how  much  higher 
or  lower  any  one  point  is  than  another,  or,  more  properly, 
the  difference  of  their  distances  from  the  centre  of  the 
earth. 

Referring  to  our  last  figure,  we  have  seen  that  the  line 
AB  is  a  true  horizontal  or  level  line  at  the  point  /,  but  being 
produced  in  the  direction  ^  or  £  it  rises  above  the  earth's 
surface;  and  although  it  may  appear  to  be  level  as  seen 
isom  I,  yet  it  b  above  the  true  level  (which  is  represented 
by  the  circumference  of  the  circle)  at  every  other  point,  and 
continues  to  i^verge  from  it,  the  further  it  is  produced ;  at  G, 
the  apparent  line  of  level,  as  the  horizontal  line  ABia  called, 
is  above  the  true  level,  by  the  distance  GH,  and  at  M  by 
the  distance  MN,  the  difference  being  equal  to  the  excess  of 
the  secant  of  the  arc  of  distance  above  the  radius  of  the 
earth. 
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The  difference,  GH  or  MN,  betweeu  the  true  aiid  apparent 
level  may  be  thus  found.     Piit  t  !n  the  following  diagram 


for  the  tangent  IH,  r  for  the  radius  CI  of  the  earth  and  x  for 
GH,  the  excess  of  the  secant  of  the  arc  of  distance  above  the 
radius;  IH  being  considered  as  equal  to  IG;  then 

{t  +  x)'  =  r'  +  P 

or  r"  +  2rx  ■{■  x°-  =  r'  +  (' 

and  2rx  +  af^  =  f 

or  (2r  +    x)x  =f 

But  because  the  diameter  of  the  earth  2r  is  so  great  with 
respect  to  the  quantity  (a)  sought  at  all  distances  to  which  a 
common  levelling  operation  usually  extends,  that  2r  may  be 
taken  for  2r  +  ar  without  sensible  error;  we   then  have 

2rx  =  (= 

and  X    =-;r- 
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Or  in  wordi :  Tke  difference  (x)  between  the  true  and  ap- 
parent level  is  equal  to  the  square  of  tke  distance  (P)  divided  by 
the  diameter  of  the  eaTth  (2r)  and  consequently  is  always  pro- 
portional to  the  square  of  tke  distance. 

The  mean  diameter  of  the  earth  is  7916  miles  and  the 
excess  of  the  apparent  above  the  true  level  for  one  mile 

f  I 

B-  =  =gjg  of  a  mile,  or  8.004  inches,  at  two  miles  it  is  four 

times  that  quantity  or  32.016  inches* and  so  on  increasing  in 
proportion  to  the  square  of  the  distance. 

If  we  reject  the  decimal  .004  and  assume  the  difference 
between  the  true  and  apparent  level  for  one  milej  to  be  exaatly 
8  inches,  or  two-thirds  of  a  foot,  there  arises  the  following 
convenient  form  for  computing  the  correction  of  level  due  to 
the  curvature  of  the  earth,  for  distances  given  in  miles,  viz., 

2  D' 

—s — >  D  being  the  distance  in  miles. 

A  very  easily  remembered  formula,  derived  from  the  above 
for  the  correction  for  curvature  in  Jett  is  two-thirds  of  the 
square  of  the  distance  in  miles ;  and  another,  for  the  same  in 
inches  is  the  square  of  the  distance  in  chains  divided  by 
800. 

But  the  effect  of  the  earth's  curvature  is  modified  by 
another  cause,  namely,  reftuction.  This,  as  regards  celestial 
objects,  has  already  been  explained  in  part  2nd,  page  155,  and 
is  equally  applicable  to  our  present  subject.  The  distance  at 
which  an  object  can  be  seen  by  the  aid  of  refraction,  is  to  the 
distance  at  which  it  could  be  seen  without  that  aid,  nearly  aa 
14  to  13,  the  retraction  augmenting  the  distance  at  which  an 
object  can  be  seen  by  about  a  thirteenth  of  itself.  Hence  to 
correct  the  error  occasioned  by  refraction,  it  will  only  be 
requisite  to  diminish  the  effects  of  the  earth's  curvature,  or 
height  of  the  apparent  above  the  true  level,  by  one-seventh  of 
iUelf. 
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The  following  Table  shows  the  reduction  of  the  apparent  to 
the  tme  level,  both  for  the  carvature  of  the  earth  only,  and 
also  for  the  combined  effects  of  corTature  and  r^vctioo. 

Table  of  the  difference  of  the  apparent  and  tme  level  far 
diitancet  in  Chains. 


Distance 
m  Chaini. 

Correction. 

Cnrrftture  m^ecimak  of 
feet. 

dedmnLioffeet. 

30 

•000104 
■000417 
■000938 
■O016«8 
■003609 
■O08792 

■006670 
■008442 
•010422 
•012610 
•015007 
•017613 
■020427 
■023450 
■036680 

■osoiao 

•033767 
•037623 
■041687 

■ooooes 

■0003S8 

■oooeo* 

-001430 
■008233 
■003216 
■004378 
■(105717 
■007336 
■008933 

■013863 

■01 5097 
■017609 

•033869 
■02S817 
•028943 
•032248 
■035732 

The  correction  for  <listances  greater  than  those  given  in  the 
Table  may  be  computed  by  the  following  rule — the  same  by 
which  the  Table  itaelf  was  computed : 

Rule.  To  the  arithmetical  complement  of  the  logarithm  of  the 
diameter  of  the  earth,  or  2.3788603,  add  double  the  log.  of  the 
distance  in  feet,  the  sum  will  be  the  log.  of  the  correction  for  cur" 
vature  in  feet  and  decimals;  from  which  if  one-seventh  of  itself 
be  subtracted,  the  result  will  be  the  condnned  correction  for  cur- 
vature and  refraction. 

Little  dependance  can  however  be  placed  upon  the  accoracy 
of  any  tabulated  quantities  on  account  of  terrestrial  refraction. 
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for  when  near  the  horizon  it  is  nnequally  influenced  by  the 
variable  state  of  the  atmosphere.  The  rays  are  sometimes 
affected  laterally,  and  they  have  been  even  seen  convex  instead 
of  concave. 

In  the  2nd  part  of  this  work,  we  have  given  a  full  descrip- 
tion of  the  varions  instruments  used  in  levelling  operations,  we 
will  not  therefore  revert  to  them  here  beyond  making  a  few 
remarks  on  levelling  staves,  and  also  on  an  instrument  of 
simple  construction  as  represented  in  the  adjoining  figure. 


its  use  being  to  rest  the  levelling  staff  upon  when  hold  at  any 
station.  It  consists  of  a  triangular  piece  of  sheet  iron,  of  about 
one-tenth  of  an  inch  in  thickness,  having  the  comers  turned 
down  to  form  the  feet  of  the  tripod,  which  are  to  be  pressed 
into  the  ground  by  the  foot  of  the  staff-holder ;  a  rounded  piece 
of  iron  is  rivetted  on  the  upper  surface,  to  present  a  clean  spot 
to  rest  the  staff  upon  when  held  at  the  station ;  the  chain  with 
the  attached  ring  is  for  the  convenience  of  the  staff-holder  in 
lifting  it  from  the  ground,  and  carrying  it  from  station  to  sta- 
tion ;  by  the  use  of  the  above  instrument,  the  staff  is  sure  to  be 
kept  on  the  same  spot,  and  at  the  same  height  from  the  ground 
while  the  observer  is  reading  the  staves  both  at  the  back  and 
forward  station  on  each  side  of  the  spirit-level. 

The  levelling  staff,  a  necessary  accompaniment  to  all  level- 
ling instruments,  has  been  hitherto  always  made  with  a  sliding 
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vane  to  move  up  and  down  a  staff  graduated 
to  feet  and  decimals  of  feet  and  inches.*  A 
description  of  staff  has  however  been  lately 
introduced,  by  Mr.  Gravatt,  the  face  of 
which  is  made  broad  enough  to  contain 
sufficiently  large  graduations  and  figures,  for 
the  observer  to  read  with  certainty  through 
the  telescope  of  his  instrument  to  the  one- 
hundredth  part  of  a  foot  at  the  distance  of 
12  chtuns  or  more,  which  is  sufficient  for 
most  practical  purposes,  thus  securing  greater  certainty  and 
expedition  in  the  work.  A  short  description  of  this  staff  has 
already  been  given  at  page  1 66,  and  the  only  care  required  on 
the  part  of  the  staff-holder,  in  using  it,  is  that  he  may  hold  it 
perpendicular.  To  assist  him  in  this,  a  small  plummet  is  sus- 
pended in  a  groove  cut  out  in  the  side  of  the  staff,  by  which 
its  verticallity  can  be  determined  in  one  direction,  and  the 
observer  himself  can  detect  if  it  be  held  aslant  in  the  other 
direction,  as  may  be  understood  from  the  adjoining  diagram, 
which  represents  the  staff  e  as  it  ,,-— TTTTr—-. 

appears  in  the  field  of  an  invert- 
ing telescope,  where  ab  repre- 
sents the  horizontal  wire,  c  and 
d  two  wires  placed  at  right 
angles  to  it,  and  separated  so  as 
to  admit  at  usual  distances,  the 
staff  e  to  appear  between  them 
and  by  which  the  observer  can 
tell  if  the  staff-man  holds  it 
erect  in  a  lateral  direction. 

*  This  was  effected  by  a  string  and  pulley,  or  the  staff  itself  was  made  in 
two  or  three  pieces,  each  of  the  upper  pieces  sUding  in  a  groove  in  the  one 
next  below  it  For  any  height  lees  than  the  length  of  the  first  piece  (gene- 
rally about  6  feet)  the  vane  was  slid  up  or  down  with  the  hand  ;  bat  for  a 
greater  hdght,  the  second  piece  with  the  vane  al  (Ae  top,  was  moved  up  bodily 
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Levelling  staves  of  the  above  description  are  now  generally 
used  in  India,  and  are  maniifactured  in  the  matiieiuatical  in- 
strument department.  Thej  are  better  adapted  for  the  climate 
than  the  one  with  vane  and  vernier,  the  staff  invariably  warp- 
ing, and  the  vernier  coming  off,  rendering  the  instrument  for 
the  time  unserviceable.  Any  defect  caused  by  the  wear  of 
Gravatt*8  staff  can  be  remedied  by  the  Surveyor  himself,  the 
edges  being  secured  by  a  moulding  screwed  on,  and  the  face 
of  the  staff  can  be  renewed  by  glueing  on  new  strips  of  paper 
with  the  divisions  marked  on  them,  which  with  the  protection 
of  a  coat  of  varnish  will  make  the  instrument  again  serviceable. 

From  what  has  been  stud  on  the  sabject  of  the  correc- 
tions for  cnrvatnre  and  re&action,  it  is  necessary  to  re- 
mark that  such  corrections  are  very  seldom  applied  in  prac- 
tice, the  observer  by  the  arrangements  of  hia  operations 
doing  away  in  a  great  degree  their  injurious  effects. 

The  method  adopted  in  practice.  Is  to  place  the  instrument  as 
near  as  possible  midway  between  the  station  staves,  the  effect 
of  curvature  is  thus  removed,  as  well  as  that  of  atmospheric 
refraction,  as  the  latter  will  affect  both  observations  alike, 
unless  under  peculiar  circumstances  of  the  weather,  &c.,  over 
which  the  observer  has  no  control.  In  an  extended  line  of 
operations,  it  can  however  scarcely  ever  happen  that  one 
placing  of  the  instrument  will  complete  it,  a  succession  of 
similar  operations  must  therefore  be  performed,  as  shown  in 
the  annexed  figure. 


till  the  centre  of  Che  vane  was  cnt  by  the  line  of  the  optical  axis  of  the  instru 
ment,  when  the  height  ves  read  on  another  scale  graduated  downwards  /ran 
M«  top  on  the  side  of  the  lower  jobt  of  the  staff. 
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Suppose  it  were  required  to  find  the  diderence  of  level  be- 
tween the  points  A  and  G ;  a  staff  is  erected  at  A,  the  instm- 
ment  b  set  np  at  B,  another  staff  at  C,  at  the  same  distance 
from  B,  that  B  is  &om  A,  and  the  readings  of  the  two  stares 
are  noted.  The  instrument  is  then  conveyed  to  D,  and  the 
staff  which  stood  at  A,  is  now  removed  to  E,  the  staff  C, 
retaining  its  former  position,  and  from  being  the  forward  staff 
at  the  last  observation,  is  now  the  back  staff:  the  readings  of 
the  two  staves  are  agun  noted,  and  the  instrument  removed 
to  F,  and  the  staff  C,  to  the  point  G,  the  staff  at  E,  retaining 
the  same  position  now  becomes  in  its  turn  the  back  staff,  and 
80  on  to  the  end  of  the  work,  which  may  thus  be  extended 
many  miles :  the  difference  of  any  two  of  the  readings  will 
show  the  difference  of  level  between  the  places  of  the  back 
and  forward  staff;  and  the  difference  between  the  sum  of 
the  back  sights,  and  the  sum  of  the  forward  sights  will 
give  the  difference  of  level  between  the  extreme  points 
thus: 


Back  SighU. 

Foresight,. 

Ft.  Dee. 

Ft.  Dec. 

A.andC. 

10-46 

—        n-20 

C.    „    E, 

1183 

—          8-00 

E,    „    G, 

7-43 

—          7-91 

Suma 

29-ai 
37-11 

—        27-11 

Difference  of  ierd 

210 

showing  that  the  point  G,  is  2  feet,  and  j^  higher  than  the 
point  A. 

The  foregoing  process  is  called  compound  levelling.     The 
following  is  an  example  of  simple  levelling,  being  performed 
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at  one  operation  and  therefore  subject  to  tlie  correction  for 
curvature  and  refraction  to  obtain  a  correct  result 


If  it  were  required  to  drain  a  Jheel  A,  by  making  a  cut  to  a 
stream  at  B,  a  distance  of  20  chains :  let  a  level  be  set  up  at 
C)  and  directed  to  a  staff  held  upright  at  the  edge  of  the  water 
at  B.  The  horizontal  line  CD  represents  the  line  of  sight 
which  would  cut  the  staff  at  D,  the  reading  being  17.44  feet ; 
the  height  of  the  instrument  above  the  ground  was  4  feet,  and 
the  depth  of  the  Jheel  1 0  feet ;  therefore  the  difference  of  level 
between  the  bottom  of  the  Jheel  and  the  surface  of  the  stream 
was  as  follows : 


Reading  of  the  Staff. 
Height  of  Instrument, 
Depth  of  JhceL    ... 
Corratiire  and  Be&action  for  20  Che- 1 
(see  Table  page  486,)        J 


Ft.  Dee. 
17-44 


Difference  of  level, 3-41 

The  following  will  explain  the  method  to  be  pursued  in 
levelling  a  tract  of  country. 

In  the  first  instance  the  staff-holder  must  place  his  staff  on 
the  bench  mark*  from  whence  the  levels  are  to  commence. 


•  In  the  practice  of  levellii^,  it  is  usnal  to  leave  at  conTenient  intervals, 
what  are  called  BokH  marks ;  these  mostly  coD^t  of  permanent  objects, 
such  as  stumps  of  tfees,  milestoneB,  etc.,  on  which  it  is  usual  to  cut  a  distjn- 
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The  Snrveyor  moat  then  set  up  hia  spirit-level  in  the  most 
suitable  spot  which  presents  itself,  from  whence  he  can  have 
an  uninterrupted  view,  not  only  of  the  staff  at  tlie  back  sta- 
tion, but  also  for  a  considerable  distance  in  the  direction  he 
wishes  to  carry  Ms  levels.  The  station  selected  should  not 
in  any  case  exceed  4  or  5  chains,  for  when  long  distances  are 
taken,  unless  both  the  back  and  forward  stations  are  equally 
distant  from  the  instrument,  errors  will  gradually  creep  in, 
which  in  a  long  series  of  levels,  are  liable,  by  their  accumula- 
tion, to  be  of  serious  consequenca 

The  proper  station  being  determined  on,  and  the  level 
adjusted  for  observation*  it  must  be  directed  to  the  back 
staff  and  the  foot  and  decimal  fraction  of  a  foot,  with  which 
the  central  part  of  the  horizontal  wire  appears  to  be  coinci- 
dent, noted  with  all  possible  exactness,  and  entered  in  the 
proper  column  of  the  Field  or  Observation  Book ;  as  soon 
as  it  is  registered,  look  to  see  that  the  spirit  bubble  has  not 
returned  from  its  central  position,  and  then  repeat  the  obser- 
vation, to  ensure  that  no  mistake  has  been  made  in  noting  it. 

goishing  mark,  that  it  may  be  known  hereafter.  Their  use  ie  chiefl;  for 
future  reference,  in  the  event  of  its  being  necessarj,  either  to  check  the  levehi 
bj  repetition,  to  change  the  direction  of  the  line  of  levela  from  any  point,  or 
to  take  up  and  continue  the  levels  at  the  conuDencetoenC  of  a  day's  work, 
a  Bench  mark  having  been  left  at  the  close  of  the  day  preceding. 

*  The  level  must  be  adjusted  for  observation  in  the  following  order  :  First 
draw  out  the  eye-piece  of  the  Telescope  till  the  cross-wires  are  perfectly  de- 
fined ;  then,  directing  it  to  the  ata,lt,  turn  the  milled-headed  screw  A,  (see 
figore  page  1.^9)  on  the  side  of  the  Telescope,  till  the  smallest  graduations  on 
the  staff  are  likewise  clearly  distinguiah^le,  that  these  two  adjustments  be 
very  carefully  and  completely  performed  is  of  more  consequence  than  is  gene- 
rally supposed,  for  upon  them  depends  the  existence  or  non-existence  of 
parallax  to  remove  which  has  already  been  explained  at  pages  161  and  162. 
The  aijove  adjustments  being  made  perfect,  bring  the  spirit  bubble  into  the 
centre  of  its  glass  tube,  and  which  position  it  must  retain  unmoved  in  every 
directJon  of  the  instrument ;  this  is  accomplished  in  the  same  manner  as  in 
the  Theodolite  by  bringing  the  Telescope  successively  over  each  pwr  of  the 
porallel  plate  screws,  and  giving  them  motion,  screwing  up  one,  whUe  un- 
screwing the  other  to  on  equal  extent. 
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The  back  observation  being  made,  turn  the  Telescope  round 
in  the  forward  direction ;  then  look  at  the  spirit  bubble,  and 
if  it  has  at  all  changed  its  position,  by  receding  towards  either 
end  of  the  tube,  bring  it  back  to  the  centre  by  the  paraUol 
plate  screws,  then  observe  what  division  on  the  staff  is  inter- 
sected by  the  cross-wire,  and  enter  the  reading  in  the  proper 
column  of  the  Field-book.  Having  entered  it,  verify  it  by  a 
second  observation,  which  will  complete  the  first  levels.  The 
first  levels  being  completed,  the  Surveyor  passing  the  man  who  , 
holds  the  forward  staff,  proceeds  to  some  convenient  spot  to 
set  the  instrument  a  second  time,  which,  as  before  remarked, 
should  not  be  more  than  4  or  5  chains  distant ;  the  man  who 
held  the  staff  at  the  back  station,  likewise  proceeds  still  further 
onwards  to  take  up  a  new  station,  and  as  nearly  as  possible 
at  the  same  distance  irom  the  instrument,  as  the  instrument  is 
from  the  staff,  which  has  now  become  the  back  station.  The 
instrument  is  then  again  adjusted,  and  the  same  process  follow- 
ed as  above  described,  until  arrived  at  the  end  of  the  series. 

The  foregoing  description  of  the  method  of  taking  levels  is 
general,  and  applies  equally  to  every  kind  «f  levelling  operation. 

The  following  is  the  form  of  Field-book  used  for  entering 
the  observations.  Sec. 

Form  ijf  Field-book  for  Obtervatiora. 


I  205-30  i 
0  S08-IG  i 
17  S07-10    e 


lC-30    . 

11-71 

12-11 


n 
Sii 
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Where  levels  are  made  for  the  formation  of  a  section  it  is 
necessary  that  the  distance  between  the  levelling  staves  be 
measured,  as  well  as  the  bearing  observed  of  each  staff  to 
enable  the  Surveyor  to  plot  and  draw  the  section,  but  in  run- 
ning or  check  levels  there  is  no  necessity  for  the  chain  or  com- 
pass, the  object  of  check  levels  being  only  to  obtain  the  differ- 
ence of  level  between  certain  intermediate  and  the  extreme 
points  of  the  section  previously  made,  to  check  ils  accuracy. 
It  is  also  immaterial  by  what  route  we  proceed  trom  one  point 
to  another,  so  that  such  spots  may  be  selected  for  the  stations 
as  are  most  convenient  for  the  purpose,  and  may  afford  oppor^ 
tunity  of  checking  any  intermediate  points  on  the  sectioD  lina 
The  Keld-book  required  therefore  for  check  levels  is  merely  a 
simple  entry  of  back  and  fore  sights,  the  difference  of  the 
sums  of  which  will  be  the  difference  of  level  between  the 
extreme  points  of  the  Section  line. 

Fom  of  Fitld-iooh  for  check  leveU. 


J 

Back  Sights. 

B>re  Sights. 

2 

3 

i 

4.19 
5.44 

4.9G 
4.73 

4.24 
1^2 

Back   station   on  bench   marlc   at 

s,„..   • 

19.32 
9.96 

9.96 
Difference. 

9.36 

It  is  usual  to  refer  all  levels  to  a  certain  datum  line, 
previously  fixed,  and  in  the  course  of  a  long 
series  of  levels,  to  keep  a  register  of  the 
heights  of  particular  spots,  above  this  given  datum,  which 
may  be  considered  as  so  many  zero  or  fixed  points,  easily 
recognizable,  if  carefully  noted  in  the  Field-book,  and  from 
whence  any  portion  of  the  work  can  be  levelled  over  again. 
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or  branch  lines  of  level  be  conducted  in  any  direction,  and 
the  levels  of  auch  branches  be  comparable  with  those  of  the 
main  line. 

This  datnm  line  should  invariably  be  assnmed  from  some 
known  and  fiied  permanent  point  which  may  always  be  refer- 
red to,  withoat  the  chance  of  doubt  and  misconception  at  any 
subsequent  period.  For  instance,  the  recent  levels  of  the 
town  of  Calcatta,  taken  by  Mr.  Simms,  the  Consnlting  Civil 
Engineer  to  (Government,  are  all  calculated  from  the  bottom 
or  sill  of  the  Btone  on  the  Tide  Gauge  at  Kyd's  Dockyard, 
a  point  which  must  always  be  easy  of  ascertainment,  and 
which  is  peculiarly  convenient  for  comparison  with  the  mean 
level  of  the  sea. 

This  point  of  the  Tide  Gauge  has  been  ascertained  to  be 
8.38  feet  beloto  the  sea  level,  by  a  series  of  observations  of 
the  heights  of  the  tides  at  Calcutta  at  high  and  low  water, 
from  which  the  lowest  monthly  average  of  the  mean  tidal 
level  in  the  months  of  February  and  March,  has  been  assumed 
as  the  mean  level  of  the  sea. 

The  observations  made  for  this  purpose  tend  to  show  that 
the  locality  of  Calcutta  is  unfavorable  for  detemuning  with 
great  precision  the  mean  sea  level,  owing  perhaps  to  the  length 
of  the  channel  which  the  tides  have  to  traverse,  and  the  great 
effect  produced  by  the  rise  of  the  river  in  the  monsoons,  the 
difference  of  the  mean  height  in  the  month  of  September 
being  6  J  feet  above  that  of  February  or  March. 

But  these  disturbing  causes  are,  for  the  most  part,  indepen- 
dent of  the  influence  of  the  sea  itself,  the  monthly  mean  tide 
of  which  should  be  an  uniform  quantity  affected  only  to  a 
slight  d^ree  by  the  pressure  of  the  wind.  Divested  of  these 
anomalies  it  may  be  concluded  that  the  mean  state  of  the 
water  in  the  river  can  never  be  lower  than  the  actual  sea 
level,  the  lowest  monthly  average  of  mean  tide  is  therefore 
perhaps  the  nearest  approximation  to  the  truth. 

According  to  these  levels,  the  surface  of  the  mercury  in 
the  cistern  of  the  Standard  Barometer  in  the  Calcutta  Obser- 
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Plotting  Seo- 


vatory*  is  18'21  feet,  and  the  floor  of  the  large  puckha  Ghat, 
inBcribed  to  Lord  William  Bentinck  and  known  aa  "  Baboo's 
Ghat,"  exactly  17'79  feet  above  the  mean  level  of  the  sea. 
When  a  line  of  levels  of  any  considerahle  length  is  to  be 
plotted,  the  horizontal  distances  cannot  be  laid 
down  on  as  large  a  scale  as  is  necessary  for  the 
vertical  heights  above  the  datum  point,  in 
order  that  the  section  may  be  of  any  practical  use,  without 
making  the  plot  of  most  unwieldy  dimensions.  It  is  therefore 
usual  to  make  the  vertical  scale  much  larger  than  the  horizon- 
tal one :  thus  4  inches  to  a  mile  for  the  horizontal  distances, 
with  one  inch  to  100  feet^  for  the  verUcal  distances,  is  an  usual 
combination ;  the  vertical  scale  being  so  much  greater  than  the 
horizontal,  shows  the  depths  of  cutting  and  embankment  re- 
quired in  the  execution  of  roads,  railways,  canals,  &&,  with 
greater  clearness  than  if  both  scales  were  equal. 

For  instance,  to  plot  the  line  of  levels  as  given  in  the  Field- 
book,  page  493, 


Draw  a  line  AB  representing  the  horizontal  line  as  the 
datum  to  which  the  levels  are  reduced,  as  shown  in  the  column 
headed  "From  1st  Station  in  the  series,"  assume  any  point  a  as 
the  starting  point  from  which  set  oflF  the  measured  distances, 
as  ^ven  in  the  back  and  fore  distance  columns,  at  these  several 

•  The  old  ObBervaWrj  No.  19,  Chowringhee  Road,  is  here  alladed  to.  The 
present  ObservaWry  is  situated  at  No.  35,  Park-Street,  where  it  origioally 
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points  Tfuse  perpendiculars,  and  on  them  lay  off  the  differ- 
ences of  level  from  the  Ist  in  the  series;  join  these  several 
points,  and  the  section  is  completed. 

The  section  heing  100  feet  ahove  the  previously  fixed 
datum  point,  all  that  is  required  to  represent  this,  is  to 
draw  a  line  CD,  parallel  to  AB,  at  100  feet  below  it, 
then  by  drawing  perpendiculars  from  the  surface  line  to  this 
new  datum,  as  shown  hy  the  dotted  lines,  the  transfer 
will  be  complete,  as  the  heights  of  any  points  can  be  measured 
by  the  scale  of  the  section.  In  plotting  sections,  it  is  the 
horizontal  distances  between  the  several  stations  that  must  be 
laid  down.  When  the  ground  rises  and  falls  in  long  regular 
slopes,  the  measurement  as  taken  along  the  slopes,  must  be 
reduced  to  horizontal  distances  by  calculation.  If  the  rise  or 
fall  is  but  slight,  this  reduction  may  be  altogether  disregarded, 
the  dif^irence  between  the  horizontal  and  hypothenusal  mea- 
sorements  not  exceeding  the  limits  of  error  in  the  measure  Itself. 

The  following  Table,  showing  the  reduction  to  be  made  on 
each  chain's  length,  will  assist  in  making  the  necessary 
calculation. 

levelling  with  The  application 
Theodolite.  j,f  tjjg  Theodolite 

to  the  practice  of  levelling  is  an 
operation  of  great  simplicity. 

The  instrument  is  set  up  at  one 
extremity  of  the  line  previously 
marked  out  by  banderoles  or  long 
pickets  at  every  change  of  the 
general  inclination  of  the  ground; 
and  a  levelling-staff,  with  the 
vane  set  to  the  exact  height  of 
the  optica]  axis  of  the  Telescope, 
being  sent  to  the  first  of  these 
marks,  its  angle  of  depression  or 
elevation  is  taken,  and  by  way 
of  insuring  accuracy,  the  instru- 
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Riaein  feet  for 

one  chain. 

links  and  deci- 

mals. 

0-01 

(na 

019 

0-89 

044 

056 

074 

0-94 

10 

116 

140 

178 

2-01 

2-24 

8-61 

2-99 

3-39 

376 

4-23 

20 

4-64 

ment  and  staff  are  then  made  to  change  places,  and  the  ver- 
tical arc  being  clamped  to  the  mean  of  the  two  readings,  the 
cross-wires  are  again  made  to  bisect  the  vane.  The  distances 
may  either  be  chained  before  the  angles  are  observed,  marks 
being  left  at  every  irregularity  on  the  surface  where  the 
levelling-staff  is  required  to  be  placed ;  or  both  operations  maj 
be  performed  at  the  same  time,  the  vane  on  the  ataS  being 
raised  or  lowered  till  it  is  bisected  by  the  wires  of  the 
Telescope,  and  the  height  on  the  staff  noted  at  each  place. 

The  accompanying  sketch  explains  this  method : — A  and  B 
are  the  places  of  the  instrument,  and  of  the  first  station  on  the 
line,  where  a  mark  equal  to  the  height  of  the  instrument  is  set 
up ;  between  these  points  the  intermediate  positions  a,  b,  e,  d, 
for  putting  up  the  levelling-staff  are  determined  by  the  irr^u- 
larities  of  the  ground.  The  angle  of  depression  to  £  is  observ- 
ed, and  if  great  accuracy  is  required  the  mean  of  tliisand  thft 


reciprocal  angle  of  elevation  from  £  to  ^  is  taken,  and  the 
vertical  arc  being  clamped  to  this  angle,  the  Telescope  is  again 
made  to  bisect  the  vane  at  B.  On  arriving  at  B,  after  read- 
ing the  height  of  the  vane  at  a,  b,  c,  g-e.,  and  measuring  the 
distances  A  a,  Sfc,  the  instrument  must  be  brought  forward, 
and  the  angle  of  elevation  taken  to  C,  the  same  process 
being  repeated  to  obtain  the  outline  of  the  ground  between  B 
and  C.  In  laying  the  secUon  down  upon  paper,  a  horizontal 
line  being  drawn,  the  angles  of  elevation  and  depression  can 
be  protracted,  and  the  distances  laid  down  on  these  lines ;  the 
respective  height  of  the  vane  on  each  staff  being  then  laid  off 
from  these  points  in  a  vertical  direction,  will  give  the  points 
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a,  b,  c,  Sfc,  marking  the  outline  of  the  ground.  A  more  correct 
way  of  course  13  to  calculate  the  difference  of-  level  between 
the  stations,  which  is  the  sine  of  the  angle  of  depression  or 
elevation  to  the  hypothenusal  distance  AB  considered  aa  radius 
allowing  in  long  distances  for  curvature  and  refraction. 

Instead  of  only  taking  the  single  angle  of  depression  to 
tlie  distant  Station  B,  and  noting  the  heights  of  the  vane  at  the 
intermediate  Stations,  a,  b,  c,  Sfc,  angles  may  be  taken  to  mark 
the  same  height  as  the  instrument  set  up  at  each  of  these  inter- 
mediate  pmitts,  which  will  equally  afford  data  for  laying  down 
the  Section;  hut  the  former  method  is  certainly  preferable. 

The  details  may  be  kept  in  the  form  of  a  Field-book,  but 
for  this  species  of  levelling  the  measured  distances  and  vertical 
heights  can  be  written  without    contusion   on    a    diagram,  * 
leaving  the  correctious  for  refraction  and  curvature  (when 
necessary)  to  be  applied  when  the  section  is  plotted. 

Where  a  number  of  cross  sections  are  required,  the  Theodo- 
lite is  particularly  useful,  as  so  many  can  be  taken  without 
moving  the  instrument.  It  is  also  well  adapted  for  trial  sec- 
tions, where  minute  accuracy  is  not  looked  for,  but  where 
economy,  both  of  time  and  money,  is  an  object 

The  Theodolite  is  likewise  used  in  running  check  levels,  to  test 
the  accuracy  of  those  taken  in  detail  with  a  spirit-level.  Re- 
ciprocal angles  of  elevation  and  depression,  taken  between 
bench  marks,  whose  distances  from  each  other  are  known,  afford 
a  proof  of  the  general  accuracy  of  the  work ;  and  if  these 
points  of  reference  are  proved  to  be  correct,  it  may  safely  be 
inferred  that  the  intermediate  work  is  so  likewise. 
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CHAPTER  XXIV. 


On  Contoueing. 


Anothbb  species  of  levelling  to  be  described,  is  that  by 
which  certain  data  are  given,  from  which  the  oatline  of  a 
horizontal  section  of  the  ground  can  be  constructed  and  is 
'  called  "  Contouring,"  a  term  which  is  applied  to  the  outline  of 
any  figure  and  consequently  to  that  of  any  section  of  a  solid 
body,  but  when  used  in  connection  with  the  forms  of  gronnd 
or  of  works  of  defence,  the  outline  of  a  horizontal  section  of 
the  grotind,  or  works,  is  alone  to  be  understood  by  it* 

Contour  lines  give  a  most  perfect  delineation  of  the  ground, 
and  they  are  the  only  part  of  a  Survey  which  will  remain 
unaltered  in  the  lapse  of  ages,  hills  and  valleys  being  much 
more  permanent  things  than  bouses,  roads  and  boundaries, 
which  cease  to  give  accurate  information  in  a  few  years  and 
require  revision  at  a  great  cost 

It  would  be  tiseless  expense  to  increase  the  number  of  Oon- 
toiir  lines  on  mountain  ground  where  no  probable  demand 
either  for  roads  or  drains  exists,  and  on  the  other  hand  in  dis- 
tricts which  are  nearly  level,  Contours  only  at  great  difference 
of  altitude  woald  be  of  little  practical  utility. 

lii  waste  lands.  Contours  tend  to  a  knowledge  of  the  best 
mode  of  improvement,  as  the  levels  are  connected  with  each 
other  throughout  the  country,  and  referred  to  the  sea  as  a 
datum  line.    As  a  general  system,  however,  Contouring  can 


'   Vide  Not*  page  509 
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scarcely  be  aaid  to  be  applicable  to  lodia,  where  the  monntains 
are  inaccessible  and  for  the  most  part  untrodden,  and  the 
wastes  impenetrable  and  impervious,  from  the  denseneas  of 
the  jungle  and  rankness  of  the  vegetation.  The  undulations 
and  round  smooth  downs  of  England  are  here  wanting,  and 
the  vast  extent  of  the  country  leaving  but  few  points  fixed  by 
the  great  triangulation,  the  operation,  so  simple  on  the  Ord- 
nance Survey  of  England,  would  be  one  of  much  difficulty 
in  this  country,  where  there  is  so  little  to  mark  the  inequali- 
ties of  the  surface  until  the  stupendous  hills  rise  suddenly 
and  precipitously  above  the  general  level. 

A  few  remarks  on  the  system,  however,  which  has  become 
so  common  in  England,  will  not  be  misplaced. 

"  The  method  of  tracing  these  Contours  in  the  field  is  thus 
performed.  Banderoles  or  long  pickets  are  first  driven,  one  at 
the  top  and  another  at  the  bottom  of  such  slopes  as  best  define 
the  ground,  particularly  the  ridge  lines,  and  watercourses, 
should  no  such  sensible  lines  exist,  they  must  be  placed,  at 
about  equal  intervals  apart,  regulated  by  the  degree  of 
minuti^  required,  and  the  variety  in  the  undulations  of  the 
surface  of  the  ground.  A  short  picket  being  driven  on  the 
level  of  the  intended  upper  (or  lower)  line  of  Contours,  and  in 
line  between  two  of  the  banderoles,  the  level  is  placed  so  oa  to 
command  the  best  general  view  of  this  first  line  and  adjusted, 
care  being  taken  that  its  axis  is  not  so  low  as  to  cut  the  ground 
below  the  picket  (or  so  high  as  to  be  above  the  top  of  the 
levelling-staff,  if  the  lower  Contour  is  the  first  traced);  the 
staff  is  then  placed  at  this  picket,  and  the  vane  raised  or  lower- 
ed till  it  is  intersected  by  the  cross-wir^  of  the  Telescope,  the 
staff  is  then  shifted  to  another  point  on  about  the  same  level, 
and  in  the  line  between  the  next  two  pickets,  and  the  staff 
itself  moved  up  or  down  the  slope  till  the  vane  again  coincides 
with  the  croBs-wirea,  at  which  spot  another  picket  is  driven. 
This  operation  is  continued,  till  it  is  necessary  to  move  the  level 
to  continue  the  same  upper  Contour  lines,  when  (the  stafi'being 
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placed  at  one  of  the  pickets  just  driven)  the  vane  is  again 
raised  or  lowered  to  suit  the  next  position  of  the  axis  of  the 
instrument  and  kept  at  this  height,  as  before,  for  the  continn- 
ation  of  the  line.  To  trace  the  next  lower  Contour  line.  It  is 
merely  necessary  to  raise  the  iwn«  on  the  staff,  five,  ten,  or 
whatever  number  of  feet  may  be  the  vertical  distance  deter- 
mined upon,  and  proceed  as  before.  When  the  level  itself  has 
to  b#  moved  to  lower  ground,  it  must  be  so  placed  that  its 
axis  will  cut  the  ground  above  one  of  the  pickets  of  the 
line  just  marked  out,  and  the  same  quantity  of  five  or  ten 
feet  added  to  the  reading  of  the  staff  at  this  picket,  will 
give  the  height  of  the. vane  for  the  next  lower  horizontal 
line. 

"  The  use  of  driving  all  these  pickets,  marking  out  the  Con- 
tours nearly  in  the  same  line  down  the  slopes,  becomes  evident 
when  they  are  to  be  laid  down  on  the  plan,  the  places  of  the 
original  banderoles  or  long  pickets  being  fixed  with  reference 
to  each  other,  it  is  only  necessary  to  measure  between  them, 
entering  the  distances  on  these  lines,  with  the  offsets  to  the 
right  or  left  to  the  different  short  pickets  marking  the  horizon- 
tal lines."* 


*  The  instTument,  best  adapted  for  Contonring  where  a,  rapid  delineation  of 

country  is  ao  object  frequently  of  greater  importaaee  thin  accuracy,  is  the 
water-ieiiel,  its  best  recommendation  being  the  faclKty  with  which  it  can  be 
made  and  requiring  no  a^ustment  when  using  it.  The  following  description 
is  taken  from  "  Frome  on  Sarveyii^." 

The  French  aater-level  is  nach  uaed,  on  the  continent,  in  taking  sections 
for  military  purposes.  It  possesses  the  great  advantage  of  never  requiring 
aag  adjustment,  and  does  not  cost  the  one-twentieth  part  of  the  price  of  a 
spirit-leveL  From  having  no  Telescope,  it  is  impossible  to  take  long  ^gbts 
with  this  inetroment;  and  it  is  not  of  course  susceptible  of  veryiainvte  acca- 
racyi  but,  on  the  other  hand,  no  gross  errors  can  creep  into  the  section,  as 
may  be  the  case  vnth  a  badly  adjagted  spirit-level,  or  a  Theodolite  used  as 
such,  the  horizontal  line  being  adjusted  by  nature  without  the  intervention  of 
any  mechanical  contrivance.  As  this  species  of  level  is  not  generally  known 
in  England,  the  following  description  is  given ;  which,  with  the  assistance 
of  the  sketch,  wilt  enable  any  person  to  construct  one  for  himself  with* 
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"  Contoured  plans  from  which  sections  are  to  be  constructed 
are  generally  plotted  on  about  the  same  scale  as  special  sur- 
veys of  eatateSj  that  is,  on  one  of  2,  3,  or  4  chains,  to  one  inch. 
Small  portions  of  ground  for  military  purposes  where  the  ver- 

out   further   aid  than   that  of  common   workmen   lo    be   found   in  every 
village, 

a  5  is  Ik  bollow  tube  of  brass    . 
about  half  an  inch  in  diameter,  ' 

and   abont  three  feet  loi^,  e  A  '■ 

and  J  are  short  pieces  of  brass 
tube  of  larger  diameter,  into 
which  the  long  tube  is  solder- 
ed, and  are  fnr  the  purpose  of 
receiving  the  two  small  bottles 
e  and  /,  the  ends  of  which, 
after  the  bottoms  have  been  / 

cut  off  by  tying  a  piece  of  // 

string  round  them  when  heat-  v 

ed,  are  fixed  in  their  positions 
with  putty  or  white  lesd — the  projecting  short  axis  g  works  (in  the  inatru. 
ment  &om  which  the  sketch  was  taken)  in  a  hollow  braas  cylinder  h,  which 
forms  the  top  of  a  stand  used  for  observing  with  a  repeating  circle  ;  but  it 
may  he  made  in  a  variety  of  ways  so  as  to  revolve  on  any  light  portable 
stand.  The  tube,  when  required  for  use,  is  filled  with  water  (coloured  with 
lake  or  indigo),  till.it  nearly  reaches  to  the  necks  of  the  bottles,  which  are 
then  corked  for  the  convenience  of  carriage.  On  setting  the  stand  tolerably 
level  by  the  eye,  these  corks  are  both  withdrawn  (which  must  be  done 
carefully  and  when  the  tube  is  nearly  level,  or  the  water  will  be 
ejected  with  violence)  and  the  surface  of  the  water  in  the  tiottles  being 
necessarily  on  the  same  level,  gives  a  hortiontat  line  in  whatever  direction 
the  tube  is  turned,  by  which  the  vane  of  the  levelling-staff  is  adjusted. 
A  slide  could  easily  be  attached  to  the  outside  of  c  and  d,  by  which  the 
intersection  of  two  cross-wires  could  he  made  to  coincide  with  the 
surface  of  the  water  in  each  of  the  bottles ;  or  floats,  with  cross  hairs 
made  to  rest  on  the  surface  of  the  fluid  in  each  bottle,  the  accuracy  of 
their  iutersectJon  being  proved  by  changing  the  floats  from  one  bottle 
to  the  other :  either  of  these  contrivances  would  render  the  instrument  more 
accurate  as  t«  the  determinatioD  of  the  horiiontal  line  of  sight ;  though  one 
of  its  great  merits,  quickness  of  eieoution,  would  be  impaired  by  the  first, 
and  its  simplicity  affiscted  by  either  of  them.  Por  detailed  sections  on  rough 
ground,  where  the  staff  is  setup  atiAorl  dula/icet  apart,  it  is  well  qualified  to 
supersede  the  spirit-tevel ;  and  is  particularly  adapted  to  tracing  CoKtaur  lines. 
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tical  distances  are  under  five  feet  may  even  be  laid  down  on  a 
scale  of  one  chain  to  one  inch."' 

The  method  adopted  in  carrying  on  the  Contours  of  the 
Ordnance  Snrrey  of  England  is  detailed  in  the  following 
memorandum  obtained  from  the  Ordnance  Map  Office  at  South- 
ampton, and  which  gives  a  clear  explanation  of  the  subject 

"  By  the  aid  of  Contours  we  obtain  such  a  perfect  knowledge 
of  the  configuration  of  the  country,  that  every  map  may  be  said 
to  be  a  model  of  the  district,  and  their  advantage  increases  in 
proportion  as  the  area  to  be  examined  is  extended. 

"  The  Contour  lines  are  formed  by  connecting  points  of  equal 
altitude  determined  by  levelling,  and  traced  through  any  dis- 
trict ;  they  are  placed  at  equal  altitudes  above  each  other  as  at 
25,  50, 100  feet,  &&,  depending  apon  the  nature  of  the  coun- 
try, and  these  are  taken  above  a  given  datum  level. 

"  The  mean  level  of  the  sea  is  found  to  be  a  more  constant 
level  round  this  kingdom. 


"  The  tides  from  the  springs  to  Uie  neaps  may  be  siud  to 
oscillate  above  and  below  the  mean  tidal  line,  and  it  is  found 
that  although  the  rise  and  fall  of  the  tides  varies  in  amount 
round  the  coast,  the  mean  tidal  line  is  nearly  a  constant  level, 
and  it  is  therefore  a  much  better  line  of  reference  for  the  Con- 
tours than  any  other. 

•  fronw  on  Survejing. 
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"  To  illustrate  the  principles  of  Contouring,  first  take  as  an 
example  an  isolated  hill  or  an  island  and  the  section  in  any 
other  direction  as  CD  can  be  given  at  once. 


"  Take  an  example  of  a  supposed  more  extensive  district, 
and  that  other  Contours  are  interpolated  by  the  eye,  which  can 
be  done  with  great  accuracy  where  there  is  so  much  fixed  data. 


"  The  line  which  a  road  should  take  from  A  \a  B  may  be 
determined  better  in  the  closet  than  on  the  ground,  and  with- 
3  R.    - 
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Contouring. 


out  having  reference  to  local  surveys  matle  too  frequently 
under  the  dictation  of  local  inSuence,  to  obtain  a  particalar 
object,  and  in  disregard  of  the  interests  of  the  comnranity  who 
baye  to  pay  for  the  construction  and  maintenance  of  the  road. 
"  The  Contouring  on  the  Ordnance  Surrey 
is  divided  into  six  branches,  viz. 

1.  Initial  levelling. 

2.  Road  and  Trigonometrical  line  levelling. 

3.  The  Contouring. 

4.  Plotting. 

5.  Examining. 

6.  Hill  Sketching. 

"  The  initial  levelling  is  the  first  operation,  and  is  the  basis 

of  all  the  rest.     It  consists  in  levelling  with 
LtitUl  Welliag.  .       ,  ,  .  .    . 

a  superior  mstnunent,  the  main  roads  in  any 

district  of  country,  leaving  permanent  marks  (either  copper 

bolts  or  bench  marks  on  masonry)  the  value  of  which,  in 

altitude,  is  most  accurately  fixed  by  twice  or  even  three  times 

levelling.     The  work  is  kept  in  Field-books  and  the  leveller 

makes  a  survey  of  the  road  as  he  works,  in  order  that  the 

position  of  the  marks  and  altitudes  may  be  correctly  plotted 

on  the  plans  when  made.     The  instruments,   used   on   the 

survey,  are  12-inch  spirit-levels. 

"  This  levelling  has  been  carried  on  to  a  considerable  extent 
in  England  and  Scotland,  and  is  much  in  advance  of  the 
Contouring. 

2nd.     "  Road  and  trigonometrical  line  levelling  for  Contour 

purposes,  is  built  upon  the  initial  levelling 
Eoad    and    tri-    ^   /         '  *^  ^ 

goDometricai    line    and  depends  upon  It 
feTelling.  „  rpj^^  j^^j^.^  ^£  ^^  j^j^^j^j  jg^gUing  having 

been  worked  out  at  the  map  office,  a  correct  list  of  the  marks 
and  their  values  is  furnished  to  the  district  office  for  any 
district  required  to  be  Contoured. 


jM,Googlc 


507 

"  This  district  is  then  carefully  perambulated,  and  such 
roads  as  pass  .over  important  features  of  ground  are  levelled 
with  a  second  rate  instrument  (a  10-inch  or  5-inch  Theodolite.) 
As  it  is  found  that  roads  generally  keep  to  the  valleys  ^d  are 
not  so  useful  for  Contouring  purposes  when  levelled  as  lines 
at  right  angles  to  the  general  run  of  Contours,  recourse  is  had 
to  trigonometrical  line  levelling,  that  is  to  say,  lines  of  levels 
are  run  from  one  trigonometrical  station  to  another,  crossing 
the  general  run  of  Contours  at  right  angles  as  nearly  as 
possible. 

"  Sometimes  a  road  may  be  found  that  goes  directly  up  a 
hill,  and  then  it  is  invariably  used  for  levelling  purposes  in 
preference  to  a  trigonometrical  line,  on  accoont  of  the  facility 
in  working  on  it  compared  to  levelling  in  fields;  wooden 
pickets  are  left  along  these  lines  wherever  there  is  no  means 
of  making  a  bench  mark  on  masonry,  and  the  values  given  in 
levelling  have  reference  to  the  tops  of  these  pickets.  This 
Contour  levelling  depends  upon  the  ioitiat  road  levelling 
inasmuch  as  it  starts  &om  some  mark  on  one  initial  line, 
and  closes  on  some  other  mark. 

3rd.  "  The  non-commissioned  officer  in  charge  of  a  section 
of  Contourers,  has  a  list  given  him  of  the  marks  in  the  dis- 
trict he  is  employed  upon ;  when  he  requires 
any  particular  Contonr  line  laid  down,  he 
furnishes  the  party  who  is  to  do  it  with  the  position  and 
value  of  the  nearest  mark  to  the  required  altitude  on  a 
levelled  line;  this  is  used  for  a  starting  point  and  having 
risen  or  fallen  from  this  mark  till  he  has  obtained  the 
Contour  height,  he  proceeds  to  lay  out  the  Contour  line  by 
rods  fixed  in  the  ground  as  a  temporary  mark,  at  the  same 
time  he  surveys  the  position  of  these  rods  with  reference  to 
the  detful  shown  on  a  plan  furnished  to  him,  and  enters  the 
survey  in  a  Field-book. 

"  At  certain  convenient  places  on  his  Contour  line  lie  leaves 
wooden  pickets  which  enable  hia  work  to  be  tested  ai^rwards. 
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and  he  continues  this  operation  till  }ie  comee  across  some 
levelled  line,  the  position  of  which,  with  the  marks,  is  shown  on 
hJB  plan.  He  levels  up  or  down  (as  the  case  may  be)  from  his 
Contour  to  the  nearest  bench  mark  on  this  levelled  line,  and 
iinds  the  difFerence  in  altitude  between  them,  which  difference 
he  takes  to  the  non-commissioned  officer,  who  knowing  the 
ralne  of  the  bench  mark  closed  apon,  is  able  to  tell  whether 
the  Contour  is  correct  at  the  close. 

"  If  in  a  flat  country  an  error  is  manifest  of  two  or  three- 
tenths  of  a  foot,  the  Contour  is  nm  again,  but  in  a  moderate 
country  half  a  foot  is  allowed  to  pass ;  no  Contour  is  allowed  to 
go  much  beyond  four  or  five  miles  without  a  check  of 
this  kind. 

4tli.    ''  The  Field-books  and  plans  being  sent  in,  the  work  ia 
plotted  on  the  engraved  sheets,  the  bench  marks  on  the  level- 
led lines  being  also  plotted,  and  the  position 
of  the  wooden  pickets  left  by  the  Contourer 
shown,  one  sheet  b  sent  in  this  state  to  the  examiner  for 
examination, 

5th.     "  Who  is  directed  to  walk  every  Contour  line  in  order 
.  .  to  see  whether  the  plotting  is  correctly  done 

and  to  fill  in  all  omissions  arising  from  in- 
correct referencing  of  the  Contoiir  Field-hooks,  &c.,  also  to  re- 
cmitour  whatever  is  doubtful,  and  to  check  a  f^r  number  of 
the  Contours,  by  levelling  from  some  permanent  mark  to  one 
or  more  of  the  wooden  pickets  left  by  the  Contoorer.    The 
examiner   sends  his  documents  into  the  office  when  all  the 
corrections  are  made  on  the  fair  plan,  and  all  the  frcsli  values 
in  altitude  obtained  from  the  examiner's  levelling  inserted. 
6th.     "  The  hill  sketching  is  carried  on  in  a  much  more  rapid 
manner  by  two  men,  one  with  an  instrument 
and  the  other  with  a  light  levelling  staff. 
The  latter  has  the  plan  with  all  the  instrumental  Contours  shown 
on  it,  and  he  ia  placed  by  the  assistant  (»i  the  intermediate 
25  feet  Contour  lines,  the  outline  of  which  he  sketches  in  on 
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his  plan  antil  the  whole  is  completed, — this  work  is  not  kept 
in  Field-books. 

*'  The  instrumental  Contours  hitherto  run  have  been  the  25 
feet— 50—1 00— 1 50— 200— 250—  300— 350 —400— 500 — 
600— 800— 1000— 1200— 1400— &c  &c 

"  Whilst  the  Contours  interpolated  have  been  the  75  feet — 
125—175—225—275—325—375—425-^50—175—525— 
550—575—625—650—675—700—725—750—775—825  — 
850— 875— 900— 925— 950— 975— 1025— 1050— &C&C'' 

In  further  elucidation  of  this  subject,  we  have  extracted  the 
article  by  Captain  Harness,  Royal  Engineers,  from  tlie  Aide 
Memoire,  vol.  1,  page  227,  as  given  in  the  foot  notes — 


CONTOUEING. 

This  term  is  applied  to  the  outline  of  any  ^lore,  aod  conseqnentlj  to  that 
of  U17  section  of  a  solid  body  ;  bat  when  used  profesaionollj  in  connectioo 
with  the  foTnu  of  groimd,  or  of  works  of  defeoce,  the  ontline  of  a  horiiontal 
section  of  the  gnniod,  or  works,  is  »lone  to  be  understood  bj  it 

When  the  forms  of  groand  or  works  are  described  by  Contours,  or  horizon- 
tal sections,  these  sections  are  taken  at  some  fixed  Tertiaal  interral  from  each 
other  snited  to  the  scale  of  the  drawing,  or  to  the  snlgect  in  hand  ;  and  the 
distance  of  each,  above  or  below  some  assumed  plane  of  comparison,  is  givea 
in  figorea  at  the  moat  convenient  places  on  the  plan.  When  the  scale  of  the 
drawing  is  about  100  feet  to  an  inch,  2  or  3  feet  will  be  found  a  convement 
vertical  interval  between  the  Contours  ;  and  however  large  the  scale  of  the 
plan,  it  will  scarcely  be  found  necessary  to  obtain  Contours  with  a  less  verti- 
cal interval  than  2  feet.  If  tbe  scale  of  the  plan  be  about  2S0  feet  to  an  inch, 
or  the  ordinary  special  survey  scale  of  4  chains  to  an  inch,  5  feet  will  prove  a 
convenient  vertical  interval ;  and  with  a  horizontal  scale  of  from  500  bi  BOO 
feet  per  inch,  10  feet  may  be  taken  as  die  vertical  IntervaL  The  French 
generally  employ  an  imaginary  plane  of  comparison  above  the  highest  points 
in  tbe  plan ;  but  there  does  not  appear  to  be  any  good  reason  why  the  figures, 
which  would  denote  the  altitudes  of  the  several  points  of  a  plan  above  the 
level  with  which  they  are  usually  and  naturally  compared,  should  not  be  em- 
ployed to  denote  the  levels  of  the  Contours.  Near  tbe  coast,  the  level  of  low 
water,  tbe  plane  of  comparison  for  tbe  soundings  in  nautical  charts,  is  tbe 
natural  plane  of  comparison  for  Contours  ;  and  the  nnmbers  affixed  to  tbem, 
when  this  is  adopted,  express  their  altitudes  in  the  ordinary  way. 
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itreuns,  &c. ;  uid  detennine  carefully  the  altitudes  of  the  trlgonometricAl 
points  employed  above  the  intended  place  oE  compuison.  Take  an  accnnte 
tracefrom  the  pkt  of  one  of  the  triangles,  which,  if  the  distances  between  the 
trigonometrical  points  are  properly  proportioned  to  the  scale  of  die  plan,  will 
generally  be  a  convenient  piece  in  point  of  sise  to  Contour.  Talce  this  trace 
to  {he  ground,  and  find  upon  the  ground,  and  mark  upon  the  trace,  the 
points  where  each  of  the  intended  Contours  will  cut  the  boundary  lines 
of  the  triangle. 

Su^ose  the  level  of  a  trigonometrical  point  A  (fig.  6,  Plate  XL)  to  be  273^ 
feel,  that  the  grouud  is  falling  towards  B,  and  rising  towards  C,  the  third  angle 
of  the  triangle  :  if  the  Contours  are  to  be  at  5-fcct  vertical  intervals,  270  fbet 
wiU  be  the  level  of  the  next  below  A,  and  275  feet  of  the  next  above  A ;  the 
surveyor  therefore  must  find  a  point  3^  feet  lower  than  A  on  AB,  and  another 
1^  foot  higher  than  A  on  AC. 

Put  up  a  Theodolite  near  A,  and  using  it  as  a  level,  read  the  levelling  staff 
when  it  la  held  at  A ;  add  3^  fbet  to  this  reading,  and  send  the  staff  along  the 
line  AB  until  the  vane  agrees  with  the  horizontal  wire  of  the  Telescope  ;  the 
point  where  the  staff  then  stands  will  be  S^  feet  lower  than  A,  and  will  be  the 
intersection  of  the  Contour  at  the  level  270  with  the  line  AB. 

To  find  the  Grst  point  on  the  line  AC,  diminish  the  reading  at  A  by  1} 
foot,  and  send  the  staff  towards  0,  in  like  manner. 

It  is  most  convenient  t«  mark  the  intersecUons  of  the  Contonrs  with  one 
boundary  line  at  a  time:  if  the  ground  be  &lling  along  that  line,  after  a  point 
in  a  Contour  is  fixed,  add  the  intended  interval  between  the  Contours  to  the 
reading  on  the  staff  at  that  point,  and  the  place  where  it  stands  when  the 
vane  agrees  with  the  boHiKintal  wire  of  the  Telescope  of  the  instrument  will 
be  a  point  in  the  next  lower  Contour;  and  so  long  as  the  staff  will  admit  the 
addition  of  the  interval,  the  successive  Contours  may  be  marked  without 
moving  the  Theodolite  i  this  would  be  the  method  in  proceeding  along  AB, 
from  A  to  the  level  200v  If  the  ground  be  riung,  choose  a  place  for  the 
instrument  as  much  above  the  last  pojnt  fixed  as  will  bring  the  Telescope 
nearly  on  a  level  With  the  vane  when  raised  to  its  highest  position,  or  with 
the  top  of  a  levelling  staff  wiUiont  a  vane ;  and  then  by  conliniiaUy  deduct- 
ing the  interval,  the  intersections  with  the  line  of  several  Contonrs  may  be 
marked  after  each  removal  of  the  instniment:  this  wonld  be  the  process  from 
the  level  £00  to  B. 

The  levels  of  the  trigonometrical  points  check  the  above  operation,  and  if 
after  marking  all  the  points  along  one  of  the  boundary  lines,  it  is  found  that 
the  poution  of  the  last  is  incorrect  with  reference  to  the  assigned  level  of  the 
UHgfabonring  trigonometrical  point,  the  cause  of  the  error  sliould  be  ascer- 
tained, and  the  error  corrected  before  proceeding  further. 

To  trace  the  Contonrs  between  the  points  established  upon  the  boundary 
lines,  put  up  the  instrument  at  some  point  easily  fixed  upon  the  trace,  from 
which  at  least  one  end  of  the  portion  of  Contour  to  be  traced  can  be  seen,  and 


jM,Cooglc 


■..„:„,...  ..Coo'i^^tC-^-*"* 


jM,Googlc 


513 

neither  too  high,  nor  too  low,  to  permii  the  sUff  being  read  when  held  upon 
the  Contour.  Send  the  staff  to  the  visible  eztremitj  of  the  CoDtonr,  Mid  r«ad 
the  level ;  move  the  staff  in  the  direction  of  the  Cont«ar,  and  everj  pcdnt 
where  the  same  reading  is  obtained,  with  the  lame  position  of  the  ins 
will  be  a  point  in  it.  When  as  manj  points  have  been  fixed  as  ai 
to  trace  the  part  of  the  Contour  visible  from  the  iustrument,  take  the  angle 
between  the  last  point  fixed  and  some  point  given  in  the  trace,  unless  the 
iitoation  of  the  last  point  ia  known  by  being  close  to  some  object  given 
in  the  trace ;  laj  down  the  direction  of  the  line  from  the  instrument  to  the, 
last  picket ;  chain  the  line,  fixing  the  points  of  Contour  b;  ofiets,  as  they  are 
snccessively  passed;  and  add  the  work  to  the  trace  as  it  proceeds. 

Thus  if  the  true  instrument  be  placed  ttf,  (fig,  G)  its  position  may  be  fixed 
by  measuring  its  distance  from  each  of  the  pickets  marked  S60  and  370;  the  staff 
being  read,  or  adjusted  when  held  at  270,  may  be  moved  to  17,  A,  1,  and  270 
(as  a  check)  in  the  boundary  line  B  C,  the  exact  place  for  the  picket  at  5,.*, 
or  i,  being  determined  by  moving  the  staff  up  or  down  Che  slope  until  the; 
reading  on  the  staff  ia  the  same  as  at  S70  in  the  line  A  B. 

With  the.  same  position  of  the  instrument,  if  the  staff  be  about  12  feet  in  ' 
length,  the  points  I,  m,  n,  in  the  Contour  SSS,  and  the  poinia  0,  p,  q,  in  tho 
Contonr  360,  might  be  established,  the  staff  being  read,  or  adjusted  at  the 
picket  265,  before  it  is  s«it  along  the  former  Contour,  and  at  the  picket  2S0, 
before  it  is  moved  along  the  latter;  by  measuring  the  line/  k,  these  points 
may  be  determined  by  offsets,  and  the  Contours  drawn  upon  the  trace. 
From  the  same  point  also,  all  the  pickets  required  to  describe  the  Contours 
having  the  levels  SBO  and  26^,  and  lying  wholly  within  the  triangle,  may  be 
fixed,  since  the  Telescope  of  the  instrument  would  be  liigher  than  the  summit 
thej  surround)  and  by  measuring  the  line/,  i,  these  Contours  could  be  added 
to  the  trace. 

It  is  not  necessary  to  trace  every  Contour  [nstrumentally ;  if  the  Contonr 
279  has  been  thus  traced,  the  two  between  275  and  260  can  be  added  very 
correctly  by  the  eye  while  the  Contour  2G0  is  being  traced,  by  judging  each 
time  a  picket  of  the  latter  is  fixed  upon  the  trace,  how  the  interval  should 
be  divided  to  accord  with  the  appearance  of  the  ground. 

Neither  is  it  always  necessary  to  fix  the  position  of  the  instrument  for  the 
pickets  may  often  be  surveyed  without  measuring  from  it ;  but  wherever  angles 
are  used  to  set-off  the  measured  lines  it  is  necessary,  and  may  be  considered 
the  general  rule. 

A  single  position  of  the  instrument  will  seldom  trace  a  Contour,— fences, 
&c^,  as  well  as  the  form  of  the  ground,  preventing  it.  If  the  instrument  were 
placed  at  r,  to  trace  the  level  2SS,  the  last  picket  would  probably  be  at  a,  the 
angle  between  the  comer  of  the  house,  H,  and  the  picket,  a,  might  be  oluerved, 
protracted  on  the  trace,  the  line  measured,  the  several  pickets  as  fbr  as  ■  added 
to  the  plan,  the  instrument  removed  to  1,  and  the  Contour  completed. 
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But  tfca  UutnuiMnt  might,  in  tLe  cam  T«^«HDted,  b«  plK«d  bmi  «,  iu 
poutUmbeiagflxediif  necMHT?,  by  meMDreneatfroia  any  of  the  point*  re- 
oogniied  on  the  trtM,  u  the  Mtglu  of  the  a4jftC«tit  fence  ;  from  thii  point  the 
whole  Contooc  could  tie  tnoed,  oeitbei  bnildii^s,  fences,  nor  other  objects 


If  the  triangle  be  vny  Ivge,  ind  the  Contoon  inoonTeniently  long,  it  may 
•uily  b«  divided,  utd  »  dividing  Una  ahoold,  if  poauble,  be  chosen  Tunning 
■long  one  of  tlie  ridges  of  the  gronnd  ;  fbr  the  ridges  afford  the  beet  sitee  for 
the  inetnuBent  in  tracing  ;  and  the  ridges  and  valleys  ore  conTenient  eitnations 
ket  Chech  lines,  bemnse  Chose  meMored  to  survey  the  picket*  having  to  change 
their  direction  iu  eroBsing  them,  can  then  be  closed  upon  points  already  fixed, 
ne  )ine  fFwonld  be  •  good  diriding  line  in  the  figure,  ronning  ^ong  the 
ridge  on  which  the  point  f  is  marked,  and  flsing  two  pcunls  In  each  of  the 
Contoan  of  the  nuamit  within  Ae  triangle. 

'  If  itbareqniredtoContoQr  asingle  festnre  of  ground,  notaspartofalarge 
mrvey,  but  for  some  particnlar  ottjed^  run  lines  from  the  nunmit  riong  the 
severBl  ridges  of  the  gtoood,  fix  apon  these  lines  the  points  where  the  Con- 
'  tonrs  will  intersect  them,  and  trace,  a*  above,  the  Contoon  between  tliem:  if 
tlM  wnabw  of  oheek  line*  b«  too  few,  nm  them  in  the  valleys  also. 
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CHAPTER  XXV. 


On  the  Recess,  oe  Office  Duties  of  a  Revenue 

SUETET, — PeBPABATION    AND    COMPLETION    OF   MaPS 
AND  AeEAS,   ReDDCTION  OF   MaPS,  &C. 

Hatinq  described  in  the  previous  Chapters  the  several 
operations  in  the  field,  and  the  extent  to  which  the  resnlta  are 
there  perfected,  it  is  now  necessary  to  particnlarize  the  equally 
important  and  laboriona  duties  connected  with  the  office,  as 
pnrsoed  in  the  recess  months,  which,  foi^ning  a  considerable 
portion  of  the  work  to  be  accomplished  within  the  year, 
reqnires  no  little  tact  and  method  to  ensure  its  completion  ere 
a  fresh  season  demands  the  attention  of  the  Surveyor. 

The  recess  in  Bengal,  already  alladed  to  at  page  3L0,  cem- 
priaesthe  months  from  1st  of  June  to  the  middle  of  November, 
the  rains  generally  driving  the  survey  parties  into  the  station 
or  cantonments  about  the  former  dates,  whilst  the  stat«  of  the 
country  prevents  an  earlier  assumption  of  field  duties  than  the 
latter  named  period,  or  even  the  1st  of  December.  In  the 
North-Western  Provinces,  little  can  be  done  in  the  field  in 
May,  whilst  the  recess  terminates  as  early  as  the  I5th  October, 
by  which  time  the  country  and  climate  is  very  favorable  for 
active  operations.  During  these  months,  the  Surveyors  and 
their  establishments  are  onployed  in  putting  the  field-work 
into  a  complete  and  tangible  form,  and  preparing  the  several 
records  and  documents  called  for  by  GK>vernment,  it  being 
both  expected  and  exacted,  that  the  whole  of  the  maps  and 
catcolations  of  one  season  be  duly  lodged  and  fbmished  to  the 
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respective  authorities,  prior  to  the  commencement  of  anodier 
season's  work. 

The  office  daties  of  a  Revenae  Survey  may  be  divided  into 
the  following  heads,  and  in  tliis  order  we  propose  alluding 
to  them : 


1. 


10. 


Computing. 

11.     Comparing        emd 

Ckeekinff,    '             .            Examminff. 

Plotiing 
Compiling 

12.     Filling    in   Village 

Ihawing 

Plan  Registert. 

Reducing 

Copying 

Maps.        13.     Formation  of  Per- 

Colouring    and 

gunnah  Volumei,  wiih  Al- 

phabetical UtU,  ^c.  ^c. 

Printing 

Finishing 

14.     Divitim  of  labor. 

In  Chapter  X.,  page  302,  we  have  detailed  the  mode  c^ 
calcnlation  pnrsaed,  by  the  system  of  co-ordi- 
Compnting.  nates  obtained  from  the  sine  and  co-sine  of 

the  angle, 'which  the  side  makes  with  the 
meridian  of  every  line  snrveyed,  and  shown  that  there  are 
certain  pro/^  colamns  of  the  Traverse  Table,  to  which  every 
circuit  must  be  rigorously  subjected  at  the  time  of  survey, 
so  much  of  the  Traverse  Table  (columns  1  to  9,  page 
301,)  being  complete,  the  field-work  is  deemed  satisfactory, 
and  the  remainder  may  with  safety  be  left  to  any  sub- 
sequent period.  The  plotting  columns  10  and  11,  or  dif- 
ferences of  latitude  and  departure,  are  then  worked  down 
for  the  purpose  of  laying  down  the  survey  on  paper  and 
it  has  been  shown,  that  where  the  N.,  S.,  E.  and  W.  columns 
are  proved,  the  protraction  of  the  survey  is  certain  and  beyond 
all  doubt,  by  means  of  columns  10  and  1 1  which  likewise  prove 
^emselves,  by  coming  out  0 — 0  or  by  the  last  differences  of 
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latitude  and  departure,  coinciding  witli  the  same  items  in 
columns  6  and  8.  The  three  last  columns  12  to  14  are  entirely 
for  the  area,  according  to  the  rules  previously  laid  down,  but 
for  these  there  is  no  check  and  the  prodacts  obtained  irotn 
factors  of  five  places  of  figures  incorrectly  calculated,  would 
vitiate  the  area  of  the  figure. 

Accurate  areas  forming  one  of  the  chief  objects  of  a  Revenue 
Survey,  every  precaution  is  oeces^y  to  ensure  this  object,  and 
to  record  them  in  such  a  clear  and  distinct  manner  that  they  may 
always  be  made  available  for  easy  reference,  by  the  autboritied 
of  a  District.  The  products,  therefore,  after  being  carefully 
worked  by  one  assistant,  require  to  be  checked  by  another  per- 
son, either  by  an  independent  similar  calculation  by  common 
multiplication,  or  by  means  of  a  Set  of  Tables  lately  published,' 
tbfi  object  of  which,  as  stated  in  the  preface,  is  "  to  simplify 
this  calculation  and  to  effect,  by  a  short  addition,  what  is  now 
obtained  by  a  long  and  tedious  multiplication,  as  exemplified  in 
the  mode  of  finding  areas  by  the  Universal  Theorem."  When 
it  is  remembered  that  for  everyline  measured,  however  short 
it  may  be,  a  product  has  to  be  worked  in  one  village  for  that 
line,  and  also  one  in  the  adjoining  village  for  the  same  line,  it 
may  be  easily  understood  that  where  in  a  season's  work  of 
some  1,500  to  2,000  villages,  30  or  40,000  separate  calculations 
have  to  be  made  to  obtain  the  area,  errors  will  occasionally 
creep  in,  notwithstanding  every  care. 

The  products  having  been  worked  and  compared,  it  remains 
to  place  them  in  the  Table  in  their  respective  columns,  positive 
or  negative,  according  to  the  rules  laid  down  in  Chapter  IX. 
In  tliis  step  there  is  also  a  chance  of  error  and  it  is  obvious  that 
any  product  misplaced  vitiates  the  total  area  by  a  sum  equal 
to  double  that  quantity. 


*  MnltiplioBtioii  Ttiblet  trca  one  link  to  one  hundred  Chaioa,  compiled  for 
the  tiM  of  the  Rerenue  Snrref  l  in  Indi&.    By  s  Berenue  Sar»eyor,  Cftl- 
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The  correct  areas  of  all  the  right  lined  figures,  or  witkin 
station  Une»,  having  thoa  been  compated,  the  offsets,  or  qnaoti- 
ties  subtended  by  the  sinnosities  or  irregularities  of  the  boonda- 
ries  within  and  without  these  station  lines,  remain  for  coastder&- 
tion.  These  may  be  calcnlated  as  directed  in  Chapter  V., 
and  the  resolts  of  each  side  of  a  circuit  conunon  to  two  Til- 
lages, or  as  it  is  called  between  each  tri-bomtdajy  duly  recorded 
on  the  rough  office  map,  addjtive  for  one  village,  and  subtrac- 
tive  for  the  other,  each  tri-boundary  being  completed,  the 
balance  area  of  offsets  for  the  entire  village  circuit  is  at  once 
obtained,  and  being  applied  to  the  Traverse  area,  according  to 
its  proper  sign,  pliM  or  minos,  leaves  the  true  contents  of  the 
village.  The  advantage  of  noting  these  compntations  for  off- 
sets on  the  rough  map,  or  chudder  as  shown  in  Plate  YI, 
page  836,  is,  that  the  eye  is  able  immediately  to  detect  any 
error  in  the  sign  of  the  quantity,  for  instance,  on  the  tri-boni^ 
dary  J  to  B  of  Mahmoodpoor,  it  is  evident  that  the  14  acres 
most  be  minns  for  that  village.  It  also  greatly  facilitates 
fntnre  r^erence,  and  enables  the  Surveyor  to  apply  the  proper 
quanUty  for  a  tine  common  to  any  two  villages  withoat 
additional  trouble. 

The  compntation  of  all  small  parcels  of  land,  as  interlaced 
portions  of  estates  and  villages,  varying  from  one  to  20  acres, 
as  well  as  of  the  several  details  within  the  village,  is  alwa3ra 
performed  on  the  paper  by  scale  and  compass,  or  by  the  Talc- 
Square;  and  is  sufficiently  accurate  for  the  purpose  re- 
quired. 

The  main  drcuit  Tables  being  complete,  the  values  of  the 
co-ordinate  distance  of  each  tri-boundary  are  extracted,  and 
teparately  recorded,  for  the  more  ready  protraction  of  the 
extreme  points  of  a  pergunnah  or  ama  circuit,  the  length  of  any 
side  being  compared  with  the  same  data  taken  from  the  computa- 
tion of  the  adjoining  Traverse,  the  discrepancy  (if  any)  must  be 
Gorreeted  by  proportion,  and  in  this  way  tfie  chief  tri-bonndary 
points  of  all  the  internal  circuits  of  a  survey,  and  the  same  for 
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the  txtemal  cinsnila  tire  duly  prepared,  u  a  guide  for  tlie  com- 
piler of  the  district  or  general  map,  and  by  means  of  which 
co-ordinate  Tables,  the  value  of  the  protractions  is  greatly 


These  co-ordinates,  as  well  as  for  all  remarkable  places  and 
conspicaous  objects,  are  also  calculated  &om  one  original  station 
or  point  of  departure  for  the  entire  survey,  to  which  they  are 
referrihie,  with  the  numerical  data  of  any  of  the  grand  trigo- 
nometrical stations  which  may  exist  in  the  part  of  the  country 
under  survey.  It  is  usual  to  record  this  information  in  a 
Tabular  statement  on  the  pergunnah  maps,  as  shown  in  Plate 
X.,  and  likewise  to  prepare  a  general  Table  of  the  mathematical 
results  of  all  the  main'circnit  computations,  detailing  the  ratio 
of  error  actually  met  in  the  angular  and  linear  measur^nents, 
the  difference  between  the  deduced  and  observed  azimuth,  as 
well  as  &.e  per  centage  of  error  between  the  areas. 

After  the  area  of  the  figure  is  thus  recorded,  by  taking 
half  the  difference  between  the  sums  of  the 
Cksoking.  North  and  South  products,  another  test  is 
applied,  by  resorting  to  the  Triangulation 
of  the  plot,  either  by  reducing  the  Polygonal  figure  into 
one  triangle,  as  shown  in  Problem  34,  page  97,  and  which 
is  im  excellent  mode,  and  the  one  generally  adopted,  or 
by  dividing  the  figure  into  trape^a  and  triangles,  and  so 
find  the  area  of  the  whole,  by  scale  and  compass.  The 
ar«a  by  Triangulation  should  be  noted  on  the  Traverse  Regis- 
ter Form,  so  that  the  difference  between  the  two  results,  may 
be  seen  at  one  view ;  the  discrepancy  will  seldom  exceed  half 
per  cent,  and  should  it  be  more  than  one  per  cent,  the  product 
columns  must  be  carefully  revised. 

Another  very  expeditious  mode  of  checking  these  village 
areas,  is  by  means  of  the  Talc  Square,  as  described  in  page  267, 
the  squares  being  divided  off  into  4  acres  instead  of  one  acre 
each.  With  a  little  practice  and  care  in  balancing  the  irregular 
boundaries,  the  area  of  any  figure  of  500  or  600  acres  will 
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thus  be  obtained  with  great  nicety,  and  correapoad  with  the 
Traverse  area  within  half  per  cent. 

Both  the  village  and  the  main  circuit  Traverses  are  worked 
out  in  this  way,  and  the  latter  comprising  200  villages  perhaps, 
or  upwards,  the  aggregate  area  of  the  whole  should  coincide 
within  one  per  cent  of  the  summation  of  the  severul  contained 
circuits,  between  station  lines,  and  this  forms  another  admi- 
rable check,  and  tends  to  place  the  saperficial  area  of  the  dis--  - 
trict  on  the  most  accurate  possible  footing. 

Although  there  is  much  work  to  be  plotted  in  the  recess, 
still  some  portion  of  it  is  done  during  the  field 

Hotting.  *  season,  as  mentioned  in  Chapter  XIII.,  page 
345.  The  first  protracUon  of  the  village  cir- 
cuits on  the  scale  of  4  inches  to  the  mile,  should  be  made  as 
soon  after  the  survey  is  completed  as  possible,  and  a  good  Sur- 
veyor, who  has  his  subordinates  well  in  hand,  will  always  have 
hisVough  office  sheets  or  ckuddert  well  brought  up,  before  retir- 
ing for  the  recess.  The  first  thing  to  be  looked  to  i&  the  entire 
completion  of  the  chudder  map.  As  soon  as  tlie  circuit  station 
lines  are  protracted,  according  to  the  method  laid  down  in  Chap- 
ter VIII.,  page  287,  the  boundary  ofisets  have  to  be  applied 
either  from  the  Field-books,  and  regularly  plotted  from  the  chain 
distances,  or  transferred  from  the  rough  field  maps  of  the  detail 
Surveyors,  (commonly  called  peta  n&ps,)  as  described  at  pages 
345  to  349.  Each  Pergunnah  or  main  circuit  probably  com- 
prises 10  or  12  of  these  chudders  or  sheets,  covered  with  a 
certain  number  of  circuits,  and  the  paper  being  carefully  ruled 
into  squares  of  80  chains  each,  the  labor  of  protraction  is 
greatly  diminished  in  comparison  with  having  to  lay  down 
each  village  on  its  own  separate  register  sheet,  the  village 
boundaries  are  inserted  with  a  clear  well-defined  line. 

So  much  of  the  plotting  refers  only  to  the  Village  plans,  in 
addition  to  which  Pergunnah  plans  are  required,  on  a  scale  of 
one  inch  to  the  mile,  in  the  preparation  of  which  the  utmost 
care  is  required,  in  laying  off  the  co-ordinates  for  each  triple 
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boundary,  in  the  first  instance  on  a  sheet  of  drawing  paper, 
duly  prepared  with  squares  over  ita  entire  surface  or  co-ordi- 
nate lines  of  5  inches  each,  for  facility  of  scale  and  to  obviate 
the  necessity  of  extending  the  compasses  beyond  that  length. 
These  lines  representing  the  meridiauB  and  perpendiculars  of 
the  map,  the  distances  from  the  main  circuit  traverses  are  Ifdd 
off  parallel  thereto,  and  with  two  pairs  of  common  compasses 
and  £  diagonal  scale,  the  circuit  may  be  protracted  with  great 
rapidity.  One  pair  of  compasses  being  kept  for  distances  on 
the  meridian,  the  other  for  distances  on  the  perpendicular.  By 
reducing  the  circuit  station  lines  to  a  few,  for  the  first  closing, 
and  thus  fixing  the  salient  "points  in  the  first  instance,  the 
'  chance  of  error  is  greatly  diminished,  and  the  intermediate 
stations  may  be  more  truly  placed  than  by  any  other  method, 
as  BO  truly  remarked  by  Hutton. 

In  protracting  main  circuits  on  the  scale  of  one  inch  to  the 
mile,  squares  of  5  inches  are  most  convenient,  because  one 
inch  being  equal  to  80  chains,  each  square  will  represent  400 
chains ;  if  a  diagonal  scale  is  made  on  the  paper  by  taking 
5  inches  &om  a  Gunter's  scale,  or  other  standard  measure, 
and  dividing  it  off  into  4  equal  parts,  and  the  left  hand 
division  again  into  10  equal  parts,  each  larger  division  will 
equal  100  chains  and  each  smaller  one  10  chains,  on  the 
scale  of  one  inch  to  80  chains  or  one  mile.  With  such  a 
scale  it  is  only  necessary,  in  the  plotting  columns  of  the  main 
circuit  traverse,  to  remove  the  decimal  points  one  place  to  the 
left  hand  and  take  the  distance  required  off  this  scale,  reckon- 
ing each  larger  division  as  so  many  tens  of  chains,  and  each 
smaller  one,  as  units,  thus — 

Given  the  co-ordinate  distances  to  be  plotted  N.  224*80, 
E.  358-60,  remove  the  decimal  point  one  place  to  the  left 
band,  and  take  off  the  scale  N.  22-48,  and  E.  35-86,  which  in 
Talae  will  be  equal  to  the  former. 

When  the  plot  extends  beyond  the  first  or  second  set  of 
sqnares  40  or  80  must  be  deducted  from  the  quantity  to  be 
3  T 
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plotted  and  the  balance  laid  off  from  the  second  or  third 
meridian,  as  the  case  may  be.  Thus  to  protract  S.  864-50,  and 
W.  982'40,  removing  the  decimal  point  will  give  S.  86'45  and 
W.  98*24,  and  deducting  80  from  each,  there  will  remiun 
S.  6-45,  W.  18-24  to  be  laid  off  from  the  3rd  mendian  and 
perpendicular  South  and  West  of  the  first  station  in  the  series. 
It  will  thus  be  seen  that  correctness  of  the  relative  situation 
of  all  the  station  points  is  entirely  dependent  on  that  of  the 
squares,  the  greatest  care  must  therefore  be  taken  in  drawing 
them.  The  best  instrument  for  the  purpose  is  a  good  wooden 
beam  compass,  and  the  squares  should  be  tested  bj  measuring 
and  comparing  the  diagonals  in  every  way  until  they  are  per- 
fect, on  attmning  which  they  should  be  inked  in  at  once,' 
and  never  erased  from,  the  plan,  and  it  is  a  standing  depart- 
mental rule,  that  no  pergunnah  or  general  map  be  received  in 
the  Surveyor  General's  Office,  without  these  co-ordinate  lines 
are  distinctly  defined. 

The  basis  of  the  map  being  thus  firmly  established,  the  most 
convenient  and  prominent  intermediate  stations  are  easily 
perceivable  firora  the  4-iDch  chudder  map.  These  are  then  pro- 
tracted from  the  traverse  data,  together  with  all  tri-boundary 
intersections  of  adjoining  pergunnaha  on  the  1-inch  map 
commencing  at  the  first  station  of  the  survey,  and  will  form 
ample  data,  for  the  purpose  of  filling  in  the  intervals  of  the  ex- 
terior boundary  of  the  pergunnah,  which  can  be  performed  by 
pentagraph,  reducing  the  same  from  the  larger  scale  map.  Too 
many  survey  stations  plotted  on  so  small  a  scale,  especially  if 
the  lines  happen  to  be  short,  only  tend  to  confuse  the  map  and 
prove  an  impediment  to  that  clear  definition  of  the  boundary, 
which  is  the  chief  point  to  be  attended  to. 

The  pergunnah  map  on  the  1-inch,  and  the  village  map 
on  the  4-inch  scale,  form  the  only  returns  required  of  Survey- 
ors, with  the  exception  of  an  index  sketch  or  outline  of  the 
several  circuits  surveyed  during  the  season,  which  is  given  on 
a  scale  of  4  miles  to  the  inch.   This  is  intended  as  a  mere  guide 
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to  tlie  compiler  and  explanatory  of  the  annual  report  The  pro- 
traction of  the  several  tri-bonndary  points  ia  easily  performed 
on  this  scale  irom  the  co-ordinate  Tables,  and  the  remainder  of 
the  sketch  is  filled  in  by  the  pentagraph.  This  sketch  has  no 
pretensions  to  accuracy  as  a  permanent  record,  and  is  snper- 
ceded  immediately  the  Gleneral  Map  is  compiled  in  the  SurYeyor 
General's  Office. 

The  Great  Trigonometrical  Survey's  principal  points  are 
similarly  laid  off  by  differences  of  latitude  and  departures,  as 
well  as  all  other  conspicuous  objects,  the  co-ordinate  distances 
of  which  have  been  calculated,  and  form  so  many  Sxed  points 
on  -which  to  check  the  compilation  of  the  materials  into  the 
Greneral  Atlas. 

The  whole  of  the  groundwork  or  basis  of  the  maps  having 

been  thus  completed,  from  the  materials  fur- 
^omgrng  and    ^^-^^^  ^^  ^;^^^  angular  measnremeots  of  the 

boundary  Surveyors,  the  interior  topc^aphi- 
cal  items  remam  to  be  compiled  into  the  General  Map  of  the 
Pei^unnah.  This  division  of  the  work  we  have  already 
shown  at  page  346,  is  invariably  plotted  in  the  field  on  the 
drawing  boards  as  each  village  details  are  surveyed.  lu 
incorporating  them  into  the  chudder  map,  either  by  pricking  or 
tracing  off,  the  accuracy  of  the  work  may  be  checked  by  com- 
pjuring  the  several  points  of  intersection  of  rivers,  roads,  village 
sites,  &c,  with  the  boundary,  as  produced  by  the  Theodolite 
survey  and  the  same  items  as  brought  in  by  the  interior  assistant 
or  prismatic  compass  survey.  All  objects  of  geographical  inter- 
est, are  of  course  observed  and  noted,  when  within  reach  of  the 
boimdary  Surveyor,  although  not  given  out  on  the  board  with 
the  station  lines,  and  this  acts  as  a  check  on  the  other  party. 
Where  doubt  exists  or  discrepancies  are  apparent,  it  is  usual 
to  replot  the  interior  work  from  the  bearings  and  distances 
recorded  on  the  peta  ndp.  The  whole  of  this  work  is  neatly 
inked  in  on  the  chudder,  which  is  then  ready  for  transfer  to 
the  village  register  sheets,  or  reduction  for  the  pergunnah 
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particular  kind,  bat  may,  with  eqtuil  facility,  be  used  for  copy- 
ing fignres,  plans,  sea-cbarts,  maps,  profiles,  landscapes.  Sec" 
If  the  pergnnnafa  map  be  so  large  that  it  cannot  be  brought 
within  one  setting  of  the  instrument,  three  or  more  points, 
common  to  the  separate  sheets  of  the  original  plan,  must  be 
marked,  and  made  to  correspond  with  the  same  on  the  copy. 
These  points  serve  to  fix  the  Pentagraph  towards  the  interior 
of  the  map.  The  fulcrum  and  copy  may  then  be  removed 
into  such  situations  as  to  admit  the  reducing  of  the  remaining 
part  of  the  original;  first  observing  "that  when  the  tracing 
point  is  applied  to  the  three  points  marked  on  the  original,  the 
pencil  falls  on  the  three  correspcmding  points  upon  the  copy, 
and  thus,  by  repeated  ahiftings,  a  Pentagraph  may  be  made 
to  copy  an  original  of  ever  so  large  dimensions. 

To  reduce  or  enlarge  any  figure  or  plan  from  one  scale  to 
another  mechanically  by  means  of  squares,  it  is  only  necessary 
to  divide  the  original  plan  by  cross-lines  into  as  many  squares 
as  may  be  thought  necessary,  and  then  dividing  the  paper  on 
which  the  copy  is  to  be  made  into  an  eq^ual  number  of  squares, 
either  greater  or  less,  as  the  case  may  be.  Draw  by  the  hand, 
or  with  the  help  of  proportional  compasses,  in  every  square, 
what  b  contained  in  the  corresponding  square  of  the  g^ven 
figure,  and  by  these  means  a  very  exact  copy  may  be  obtained. 

It  is  absolntely  necessary  to  show  on  the  l-inch  maps  all 
the  village  boundaries.  The  amount  of  work  to  be  reduced 
therefore  becomes  very  extensive,  the  inflections  of  the  boun- 
daries being  so  extremely  tortnous  and  iutncate,  and  without 
the  Pentagraph  the  work,  on  a  Revenue  Survey,  could  not 
well  be  completed  within  the  time  allowed.  There  are  other 
modes  of  reducing  and  enlarging  plans  laid  down  in  Adams' 
Essays  and  other  works,  which  we  need  not  enlarge  npon  here, 
but  refer  the  reader  to  that  work,  if  further  information  is 
required. 

The  process  of  enlarging  drawings  is  a  similar  operation  to 
reducing ;  the  points  being  determined  in  the  smaller  squares 
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of  the  original  and  transferred  to  the  larger  squares  of  the 
copy,  or  by  removing  the  tracing  point  and  pencil  of  the 
Pentagr&ph  aa  before  directed — but  the  process  of  enlarging, 
under  any  circumstances,  does  not  admit  of  the  same  accuracy 
as  that  of  redudt^,  and  while  the  Fentagraph  affords  the 
most  ample  means  of  redacmg  a  plan,  it  cannot  be  recommended 
for  enlarging  a  copy,  or  even  copying  on  the  same  scale.  In 
the  Survey  of  a  Town,  Civil  Station,  or  Cantonmentj  which  is 
always  required  on  an  enlarged  scale,  the  work  mast  be 
specially  plotted  for  that  scale,  and  never  transferred  firont 
a  smaller  one. 

To  produce  a  eiypy  of  the  same  size  as  the  original     Lay 

the  original  drawing  upon  the  sheet  of  paper 
Copyii^.  intended  for  the  copy,  and  fix  them  together 

fay  means  of  weights,  or  drawing  pins,'  and 
with  a  fine  needlef  prick  through  all  the  angles  and  principal 
points,  so  as  to  make  corresponding  punctures  in  the  paper 
beneath.  Draw  upon  the  copy  such  of  the  lines  on  the  original, 
as  are  all  straight  or  nearly  so,  by  joining  the  points  thus  mark- 
ed upon  the  paper.  Set  off  such  other  curved  lines  by  means  of 
compasses  where  necessary,  or  draw  the  curves  on  tracing  paper, 
and  transfer  them  to  the  copy  by  means  of  rubbing  the  back  of 
the  tracing  paper  with  powdered  lead,  or  by  nibbing  a  soft  pen- 
cil over  the  lines,  then  placing  it  in  its  correct  situation  upon 
the  copy,  and  passing  a  blunt  tracing  point  over  the  lines 
drawn  upon  it  By  meanatif  tracing  paper  and  black  leads,  and 
the  tracing  point,  an  entire  plan  may  easily  be  transferred — but 
the  usual  method  is  with  a  tracing  glass  which  will  be  found 
in  all  Surveyors'  OiEcea.  The  glass  fixed  in  the  wooden 
frame  to  elevate  or  depress  at  pleasure,  is  placed  in  such  a 
position  before  a  window,  as  to  have  a  strong  light  falling  upon 
it  from  behind  and  shining  through  it.     If  the  other  doors  or 


*   The  drawii^  pin  consists  of  a  brass  head  with  a  steel  point  at  right  ai 
g)e«  to  its  plane, 
t  The  pricking  point  is  described  at  page  300. 
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windowB  in  the  room  are  closed,  and  a  curtain  hung  from  the 
top  of  the  window  to  rest  on  the  top  of  the  glass,  the  ori^al 
drawing  hecomes  distinctly  visible  through  thick  drawing 
paper  placed  over  it,  and  pinned  at  the  four  comers.  A  copy 
may  thus  be  made  with  precision  and  ease,  without  any  risk 
of  soiling  or  injuring  the  original. 

The  practice  on  the  Revenne  Surreys  is,  when  the  original 
Fergnnnah  map  is  complete,  to  trace  off  the  duplicate  copy 
intended  for  the  Local  Civil  AuthoritieB  through  the  glass, 
omitting  merely  the  station  Unes  of  the  Survey,  which  are  not 
required  except  for  professional  purposes.  For  the  village 
map  it  is  necessary  to  tr^isfer  the  plan,  from  a  large  sheet 
containing  many  village  circuits,  to  a  single  lithographed  form, 
with  a  statistical  Register  and  area  statement  heading  as 
shown  in  Plate  VIIL  The  first  copy  therefore  is  generally 
pricked  off  for  the  convenience  of  handling  the  maps,  and 
when  this  is  complete  in  every  respect,  the  second  or  CoHec- 
to^t  copy  is  traced  off,  on  a  similar  lithographed  register  sheet. 
The  contents  of  the  chuddur  map  are  thus  taken  off  piece- 
meal, village  by  village,  until  every  circuit  is  transferred  to  its 
Register  sheet,  on  the  back  of  which  the  traverse  proof  and  area 
calculation  is  duly  inserted  as  shown  in  the  specimen  plate 
which  is  an  exact  and  complete  copy  of  the  survey  of  a 
village  in  the  North- Western  Provinfes,  and  represents  pre- 
cisely the  mode  of  making  np  and  perfecting  these  records  on 
this  side  of  India.  This  copying  is  generally  performed  by 
the  native  assistants,  each  sheet  being  very  carefully  compared 
and  examined  with  the  original,  by  the  assistant  who  affixes 
his  initials  to  it. 
The  skeleton  map  having  been  thus  completed,  and  the 
oatlines  of  all  the  topographical  details  care- 
Colouring,  fully  drawn  in  ink,  the  next  step  is  the  color- 
ing, which  may  he  commenced  by  laying  a 
broad  wash  of  a  light  shade  of  any  color  along  the  external 
edge  of  the  pergunnah,  washing  off  the  color  gradually 
towards  the   interior.     This  shade  can  be  deepened  to  the 
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fancy  of  the  Surveyor  by  coaUnaed  coats  until  the  re- 
quired depth  ia  obtdned.  Then  proceed  to  color  the  village 
sites,  rivers,  roads  and  every  other  item  according  to  the  depart- 
mental practice  as  l^d  down  in  a  list  of  references  (Plate  XII.) 
given  elsewhere,  and  to  which  it  ia  essential,  for  the  sake  of 
muformity  strictly  to  adhere.  In  laying  on  the  color  for 
rivers  and  other  items,  the  coats  should'  be,  in  the  first 
instance,  very  light,  and  repeated  gradually  until  of  sufficient 
strength,  for  by  these  means  aoftaest  and  roundness  is  attained, 
whilst  a  thick  heavy  shade  laid  on  all  at  once,  never  can 
produce  a  proper  tone>  and  looks  extremely  bad.  For  water, 
iViuman  Bliie  is  invariably  to  be  nsed  instead  of  Indigo,  as 
being  of  a  brighter  and  clearer  color.  For  very  highly  finished 
maps  Cobalt  is  very  effective,  hnt  being  an  expensive  color  is 
seldom  used.  High  roads,  metalled,  are  represented  with  a 
strong  streak  of  Crimion  Lake,  (or  Carmine,  which  is  better)  in 
contra-distinction  to  village  roads  and  footpaths  in  Burnt  Sienna. 
The  exterior  edge  or  limits  of  the  pergnnnah  or  other  subdivi- 
sion is  then  defined  by  a  dark  narrow  streak,  which  throws  out 
the  feature  into  good- relief,  bat  care  should  be  observed  in  not 
making  this  color  too  dark,  and  thereby  confusing  the  actual 
line  of  boundary,  and  rendering  copying  or  transfer  difficult 
When  several  pergunnahs  are  on  one  plan,  the  different 
shades  of  color  should  contrast  well  with  each  other,  so  that 
each  division  may  be  distinctly  visible  to  the  eye.  Plate  X. 
represents,  as  well  as  a  lithographed  drawing  can  do,  the 
style  of  coloring  for  a  pergnnnah  map,  and  Plate  YIU.  for  a 
village  map,  but  no  Uthographed  map  can  equal  the  style 
of  a  good  manuscript  drawing,  and  the  plates  in  question 
are  given  more  to  show  the  form  and  style  of  record,  than 
as  specimens  of  topographical  drawing.  Beginners  should  first 
be  taught  to  lay  on  Jiat  shades  of  color,  and  to  be  cautious  in 
not  overstepping  the  edges  of  the  part  or  item  to  be  covered, 
and  then  to  wash  off  a  sloping  shade  and  to  apply  the 
brush  with  just  as  much  color  in  it,  as  may  be  wet  enough, 
3  u 
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not  to  be  absorbed  on  the  paper  before  the  water  brush  can 
be  applied  for  softening  down,  and  so  prevent  what  is  ustially 
termed  a  cut  shade,  and  which  ia  a  great  eyesore  on  any 
drawing.  In  ezecnting  this  description  of  work,  two  bmshea 
on  the  same  stick  are  employed,  the  color  brash  on  one 
end,  the  water  brash  on  the  other, 
"Of  the  methods  of  expressing  upon  paper   the  various 

objects  which  the  face  of  a  country  presents,  and 
Bin  shading,     that  are  required  to  be  delineated  by  the  topogram 

phical  draftsman,  the  drawing  of  hills  demands 
the  most  serious  attention,  it  is  by  far  the  most  difficult  art  in 
plan  drawmg,  objects  having  elevation  can  only  be  expressed 
upon  a  flat  surface,  by  means  of  shade  or  by  being  thrown  into 
relief,  the  appearance  of  which  can  only  be  given  in  a  ground 

Note. — In  nsing  cake  colors,  ;od  mnst  dilute  them  with  softrwaler,  obserring 
to  mix  them  intimately  together,  till  the  desired  tint  of  color  has  been  obtained, 
then  with  a  brush  in  proportion  to  the  size  of  the  apace  jou  are  going  to  color, 
appi;  the  wash  Bteadil;f  and  quickly  :  bat  do  not  suf^  the  proper  Umits  to  be 
pMsed,  nor  a  greater  qoaDtit;  of  color  to  be  used  than  will  evenly  cover  the 
■pace  )  as,  when  too  much  is  used,  it  is  liable  to  settle  in  particular  places,  and,  i 
by  miLking  deeper  tints  in  one  place  than  another,  the  work  will  appear  cloud- 
ed. You  shonld  also  obserre  not  to  allow  any  two  limits  of  the  some  color  to 
touch  each  other,  and  endeavour  to  distribute  your  colors  so  as  to  produce  a 
pleasing  effect  on  the  whole  ;  but  that  taste  which  quickly  percMvu  exaellen- 
ciea  or  defects,  so  as  to  he  soon  delighted  with  the  former  and  di^usted  witb 
the  latter,  must  assist  you  in  distinguishing  and  discriminating  the  moat 
striking  methods  of  ^ving  this  finish  to  your  maps.  The  water  should  be 
cobred  laat,  with  a  very  light  wash  of  verdigris,  and  if  it  is  not  very  expe- 
ditiously laid  on,  it  will  be  clonded  and  o^nsive  to  the  eye.  The  map  ahonld 
be  damped  with  a  clean,  moist  cloth,  laid  over  it  for  a  few  minutes  previously 
to  coloring  the  water.  And  should  you  have  occasion  to  color  a  piinted  map, 
the  colors  may  be  kept  from  sinking,  by  wetting  the  hack  of  the  print  with  a 
tolation  of  four  ounces  of  roach  alum  in  a  pint  of  spring  water,  allowtng  the 
paper  to  dry  from  the  water,  before  the  colors  are  laid  on.  Thia  will  not 
only  prevent  the  colors  from  sinking,  but  give  them  an  additional  beauty  and 
histre,  and  preserve  them  ft-om  fading  ;  and  if  the  paper  is  not  good,  wash  it 
three  or  four  times,  suffering  it  to  dry  between  every  wash.  The  printing  or 
lettering  the  names  of  places,  should  be  done  when  the  colors  on  your  map  are 
perfectly  dry. — Jamtimm^t  Treatat  on  tite  CoMtructim  of  Map*. 
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plan,  to  bodies  whose  forma  present  either  slopes  or  cnrves. 
A  bill  representing  slopes  can  be  faitbliilly  expressed  on  a 
gronnd  plan,  so  as  to  convey  an  idea  of  elevation  to  all  who 
are  ftcqnainted  with  tbe  principles  of  plan  drawing,  bat  the 
chief  difficulty  lies  in  so  expressing  these  featares  as  to  be 
enabled  to  form  a  judgment  of  theii  height  when  compared 
with  each  other,  for  it  cannot  be  determined  by  the  actoal 
elevaUoD  of  any  single  hill. 

"  The  theory,  most  generally  adopted,  supposes  the  light 
to  fall  vertically  upon  the  hills  in  parallel  rays.  In  the  projeo 
tion,  the  eye  is  supposed  to  be  at  an  indefinite  distance,  and 
consequently  the  rays  are  all  parallel,  according  to  which, 
steep  slopes  receiving  those  rays  at  a  more  oblique  angle,  than 
more  gentle  ones  do,  are  therefore  illuminated  in  a  less  degree 
than  the  latter,  and  must  be  shown  on  a  plan  by  a  darker 
shade,  while  such  portions  of  the  ground  as  are  horizontal  and 
receive  consequently  the  rays  of  light  perpendicularly  to 
their  planes,  being  thus  illuminated  in  the  greatest  degree  are 
left  without  shade  in  a  plan;  hut  as  it  is  scarcely  possible  to 
fix  a  criterion  for  the  depths  of  tint  in  shading  to  express 
ground,  it  is  idle  to  suppose  that,  practically,  the  shading  can 
ever  be  so  exact,  as  to  enable  us  to  measure  by  it,  the  positive 
height  of  a  hill. 

"  The  most  rapid  way  of  expressing  hills  upon  paper  is  by 
shading  with  Indian  ink  or  neutral  tint  For  this,  two  camel 
hair  brushes  are  used,  one  to  lay  on  the  tint,  the  other  for 
softening  it  down.  A  dexterous  hand  will  thus  speedily  dash 
in,  the  hills  of  a  plan,  a  proficient  with  the  brush  or  pen,  will 
always  contrive  to  throw  a  certain  degree  of  spirit  into  his 
performance,  whatever  may  be  tbe  nature  of  the  ground  he  is 
representing,  but  this  is  the  result  of  much  practice,  combined 
with  a  natural  taste  for  drawing."" 

"  The  hills  should  be  sketched  lightly  but  carefully  on  the 
ftur  plan,  for  much  evidently  depends  upon  this.  It  would  be 
■  Jackson'i  Course  of  Hilitorj  Snrre^uiK. 
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fimitless  to  employ  so  much  time  ia  the  field  if  we  did  not 
fblloTT  it  ap  to  the  last,  A  light  tint  of  Indian  ink  is  to  be 
distribtited  freely  along  the  tops  and  most  elerated  parts  of 
those  hills  which  are  the  origin  of  the  anderfeatnree,  and  soften- 
ed down  into  the  ravines,  with  a  brash  and  water,  then  upon 
the  next  series  of  levels,  and  so  on  ontil  the  last  imderfeatnre 
has  been  shaded.  Whatever  parts  still  want  strength  are  agiun 
to  be  similarly  shaded,  beginning  a  httle  below  the  first  tint 
and  thns  until  it  is  finished.  If  the  ground  or  any  part  of  it  is 
irregular  or  rocky,  a  rougher  shading  must  be  disposed  upon 
it,  as  to  the  judgment  of  the  draftsman  may  seem  to  convey 
the  best  idea  of  such  local  circumstances. 

"There  are  two  methods  of  describing  hills,  both  in  the 
field  and  in  the  drawing  room.  One  called  the  vertical,  and 
the  other  the  horizontal  style,  which  are,  or  rather  should  he, 
peculiar  to  the  pencil  or  pen ;  for  there  is  no  absolute  necessily 
for  having  recourse  to  any  touches  on  an  Indian  ink  plan,  if 
the  irregularities  of  surface  are  properly  described  by  shade. 

"  In  the  first  method  the  shade  is  formed  by  strokes  of  the 
pencil  or  pen  radiating  &om  or  converging  into  any  curved 
part  of  a  hill,  according  as  it  projects  or  ra-enters: — they  an 
supposed  to  describe  the  same  course  as  water  would  do,  if  it 
could  trickle  in  streams  down  the  slopes,  and  are  darker  or 
lighter  according  to  the  steepness  of  the  slope. 

"  The  other  method  has  the  shade  formed  by  lines  parallel,  or 
nearly  so  to  the  horizon. '  It  is  much  more  easy  to  apply,  and 
more  natural  than  the  former  and  has  some  claim  to  particular 
notice  from  its  easy  appHcation  in  sketching  and  the  facihty 
with  which  it  may  be  demonstrated  and  acquired."*  The 
horizontal  manner  marks  the  Contours  of  hills  by  waving  lines, 
each  line  continuing  on  the  same  level  while  following  every 
undulation  of  the  ground.  In  practice,  either  or  both  of  the 
styles  may  be  used  at  the  pleasure  of  the  draftaman,  or  as  may 

*  Treatua  on  Frftctictd  SurTeying  and  TopographicU  Flan  Drawing. 
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be   beat  suited   to  tlte  nature  of  the  ground  he  wishes   to 
portray. 

"  The  raya  of  light  being  supposed  to  fall  vertically  upon 
the  ground,  the  degree  of  shade,  used  for  expressing  hills,  de- 
pends on  the  greater  or  lesa  gradations  of  their  declivities, 
that  is,  the  more  the  slope  of  a  hill  recedes,  from  the 
horizontal,  the  darker  must  be  the  shade.  Although  this 
principle  may  be  considered  as  generally  the  best,  yet 
in  making  a  finished  plan  of  any  mountainous  region,  an 
artist  should  not  be  confined  too  rigorously  in  this  re- 
spect, for  a  clever  draftsman  would  then  like  to  throw  his 
mount^ns  in  what  is  termed  l^ht  and  thade ;  which  sup- 
poses the  rays  of  light  to  come  on  the  plan  from  the  left  upper 
comer ;  according  to  which  supposition,  one  side  of  a  bill 
becomes  br%ht1y  illuminated,  while  its  reverse  is  cast  into 
deep  shadow.  Attempts  have  been  made  to  have  the 
oblique  light  system  generally  adopted,  but  it  is  not  suit^  to 
express  tame  ground.  A  kind  of  compromise  therefore  sub- 
sists ;  thus,  we  make  the  rays  of  light  to  fall  vertically  upon  the 
hills,  while  all  other  objects,  as  rivers,  houses,  trees,  &c, 
receive  it  obliquely.  This  may  appear  absurd,  but  where  all 
is  conventional,  the  contradiction  is  not  felt  as  an  inconveni- 
ence; generally  speaking,  the  object  of  giving  shadow  to 
houses,  rivers,  &c.,ischiefiy  as  a  finish,  and  for  effect"*  Almost 
universally  the  shades  used  by  draftsmen  are  too  dark ;  and 
in  India  especially,  the  subject  does  not  receive  the  attention 
it  demands,  and  we  commend  to  the  especial  observance  of 
Revenue  Surveyors,  the  remarks  firom  an  able  authority 
quoted  in  the  foot  note-f    The  "  Caterpillar/'  therein  alluded 

*  Jackson's  Conrae  of  Military  Surveying. 

^  The  difficulty  which  inroWes  the  represeiitatioii  of  oil  the  ineqaalitiefl  of 
the  propoaed  portion  of  the  «ftrth'a  sur&ce,  and  consequently  the  features  of 
a  monntainona  conntry  has  l>een  rarionaly  ^t  orer.  In  the  very  old  maps, 
a  congregation  of  conrenUonal  signa,  each  intended  ta  represent  a  monhtain, 
was  introdnced  and  arranged  bo  as  to  give  some  idea  of  the  direction  in  which 
n  land  wan  disposed.    Those  who  hare  seen  maps,  execnted  on 
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to,  are  too  common  in  the  present  day,  and  from  the  exten- 
sive employment  of  native  draftsmen,  the  topographical 
drawings  now  produced  answer  most  completely  to  this 
description.  This  mast  be  the  case,  as  long  as  Officers  in 
charge  of  snrveys,  delegate  such  duties  to  mere  mechanical 
and  ignorant  copyists,  who  know  no  more  of  the  principles 
which  should  guide  them  in  the  representation  of  ground  than 
the  brush,  by  the  aid  of  which  they  annually  destroy  so  much 
paper.  The  hilly  features  should  invariably  be  put  in,  hy 
the  Surveyor  himself  after  a  careful  study  of  the  ground,  and 
without  this  personal  examination  in  the  Field,  it  must  be 
vun  to  attempt  to  give  even  an  approximation  to  the  truth. 
It  is  evident  that  a  map,  to  be  anything,  ought  to  be  precise ; 
it  is  otherwise  worse  than  useless. 

On  the  style  and  character  of  the  Printing  of  a  map  de- 
pends its  general  appearance,  as  well  as  de- 
gree of  nsefidness.    The  most  elaborate  topo- 
graphical  drawing  will  be  nothing,  unless  the  names  of  the 

this  principle,  will  aoknowledge  tiow  verj  imperfect  is  the  information  it  giTea 
of  the  inequalities  of  the  gromid,  either  as  to  arrangement  and  connection  or 
elevation  aboie  the  general  plattaa  at  the  country.  Bnde  aa  the  method  is,  and 
deB^tuta  of  precise  meaning,  I  have  known  man;  who  a^cted  to  prefer  it  to 
the  modem  method  of  deep  nolchlttg,  which  thej  assert  has  the  effect  of  render- 
ing a  map  illegible,  withoot  being  a  whit  more  precise.  There  is  some  gnHmd, 
it  must  be  confessed,  for  forming  this  opinion,  at  least  if  we  confine  ourselTM 
to  English  maps  ;  but  those  executed  on  the  continent  do  not  deserve  this 
censure.  ArrowsmLth'a  map  of  India  is  a  splendid  example  of  this  cheatery 
of  the  eye.  To  form  an  j  thing  like  a  correct  idea  of  the  surbce  of  India  fhim 
this  map,  thickly  as  it  is  covered  in  parts  with  these  "  eaterpiOari,"  aa  I  have 
heard  them  called,  is  imposuble.  Very  often,  it  will  be  fonnd,  that  wheA  the 
peruser  of  the  map  supposes  is  a  high  ridge,  is  in  reahty  a  low  one  and 
Bice  vend,  while  valleys  are  elevated  into  ridges  and  these  again  sunk  to 
valleys.  A  certain  quantity  of  ink  has  been  applied  to  the  paper  but  to  what 
purpose,  save  that  of  blackening  it,  it  would  puxxle  Odipus  himself  to  say. 
Kor  are  the  maps  of  other  publishers  much  better,  and  still  more  extraordi- 
nary I  fear,  that  even  to  many  maraucript  maps  execultil  in  lAis  country  much 
ijfthit  cmtwe  mvtt  attach.  Gleanings  in  Science,  volume  Snd,  1830,  "  0»Ae 
afferent  meAaJ*  of  shading  memttain  land,  iy  Delia." 
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places,  title,  and  other  embellishments  are  recorded  in  a  cor- 
responding manner,  with  due  regard  to  effect,  combined  with 
practical  utility.  Generally  speaking,  this  is  the  most  diffi- 
cult part  of  a  map  to  io  well,  and  there  are  many  persons 
who  can  color  and  draw  in  a  superior  manner,  bat  tvbo  fml  in 
printing,  for  this  reason  the  attainments  of  each  assistant  on  a 
Survey  Establishment  should  be  well  ascertained  in  making 
arrangements  ibr  the  distribution  of  the  work,  and  the  division 
of  labor.  The  first  principle  to  be  observed  in  printing,  is 
that  each  class  of  names  should  be  represented  by  one  uniform 
character.  Thus  erect  capitals  are  used  for  capital  places  of 
the  first  order.  Italic  or  sloping  capitals  for  places  next  in 
order,  with  1,000  houses.  Erect  small  letters  with  capital 
prefixed,  commonly  called  roman  writing,  for  large  villages, 
containing  one  thousand  inhabitants  and  upwards,  or  about 
250  houses,  and  other  remarkable  or  conspicuous  objects,  and 
small  italic  writing  for  common  villages  under  250  houses 
or  one  thousand  inhabitants. 

The  great  mass  of  printing  on  the  body  of  tlie  drawing  of 
a  map,  should  invariably  be  parallel  to  the  top  and  bottom 
edges  of  the  paper,  and  it  is  usual  to  place  the  first  letter  of 
the  name  as  close  to  the  site  as  it  is  possible  to  be.  In  addi- 
tion to  this  it  is  generally  requisite  to  have  curved  lines  of 
printing  in  certtun  situations,  for  the  names  of  adjoining 
districts  or  pergunnaha,  and  when  judiciously  applied  materi- 
ally adds  to  the  beauty  of  the  map.  In  the  curved  or  con- 
torted external  boundary  of,  the  pergunnahs  or  divisions 
represented  in  the  map,  the  names  of  the  adjoining  divisions 
should  be  so  disposed  as  to  run  as  nearly  parallel  to  the 
general  outline  as  possible,  and  when  several  pergunnahs  or 
subdivisions  are  exhibited  on  the  same  plan,  the  name 
requires  to  be  stretched  across  the  space  with  the  letters  at 
equal  intervals,  to  show  the  extent  or  connexion  o^the  same. 

On  winding  rivers,  roads,  lakes,  coasts,  &c,  the  writing  must 
be  curved  to  correspond  with  the  thing  represented,  and  the 


jM,Cooglc 


general  appearance  of  all  the  names  and  writing  should  tnvari- 
ahlj  be  to  face  the  north  end  or  top  of  the  paper,  so  that  it  maj 
be  all  legible  at  one  view,  bj  placing  the  map  before  you  and 
not  upside  down,  requiring  the  plan  to  be  shifted,  before  it  can 
be  read. 

In  very  eztenuTe  T^let,  it  is  also  necessary  aometimes  to 
insert  curved  lines,  to  take  off  from  the  monotonous  appear- 
ance of  a  number  of  straight  lines,*  bat  as  a  general  role  we 
deprecate  fancy  Meroglypkici  and  elaborately  devised  prinfr 
ing  which  may  be  difficult  to  read ;  plainness  and  neatness, 
tends  to  general  uUIity,  and  is  moreover  a  great  saving  of  time, 
and  in  a  large  department  where  one  uniform  practice  is  so 
important,  it  is  obviously  preferable  to  follow  a  style,  which 
the  majority  of  draftsmen  can  most  easily  attain,  and  adapt  to 
the  work  entrusted  to  them, 

For  this  reason  the  stone  or  Egyptian  letter  is  employed, 
for  all  names  of  Pergunnahs,  whether  on  the  body  of  the 
drawing,  as  adjoining  name,  or  in  the  title.  This  style  of 
printing  being  extremely  easy  to  make,  while  it  looks  sub- 
stantial and  plain,  and  catches  the  eye ;  for  the  District  names, 
whether  adjoining,  or  title,  the  open  or  ornamented  stone  letters 
filled  with  a  little  color,  Indian  ink  or  neutral  tint  a  little 
larger  than  the  Fergunnah  character,  are  found  sufficiently 
contrasting  and  distinguishable.  These  styles  are  shown  in 
Plate  XII.  on  the  list  of  topographical  items,  or  conventional 
signs,  which  now  guide  the  department.  A  very  extensive 
nse  of  symbolic  writing  on  a  soap  may  be  confiising,  but  its 
partial  application  is  not  without  its  advantages  in  the  way  of 


*  Cnrrea  iiift;  be  b««(  formed  bj  one  person  tiolding  «.  ateel  or  other  eloatic 
ruler  into  the  form  desired,  and  placing  it  with  its  edge  on  the  paper  along- 
Eide  the  crooked  boundary.  The  elastic  ruler  must  be  held  in  this  position 
while  another  Iierson  riiiea  or  marks  with  a  pencil  along  it.  In  this  way 
curves  of  all  shapes  may  be  formed  with  the  greatest  ease,  and  posseasit^  a 
grace  and  elegance  which  is  scarcely  attumible  by  any  other  means. 
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"  The  characters  used  for  printing  the  names  of  places  and 
things  represented  on  maps,  should  bear  such  proporUon  as  the 
relative  importance  of  the  objects  bear  to  each  other.  The 
title  should  be  proportionate  to  the  size  of  the  map,  and  the 
adjoining  names,  according  to  the  distribution  of  the  spaces  to 
be  filled  up,  so  that  the  whole  may  present  one  uniform 
appearance.  Every  thing  ought  to  harmonize,  for  whatever 
obtrudes  itself  too  much  on  the  attention,  without  some  good 
reason  for  so  doing,  may  be  said  to  he  out  of  place ;  nothing 
looks  so  bad  as  a  great  daub  of  a  title,  with  ornamental  letters 
and  flourishes,  on  a  small  and  unpretending  plan."*  Thus  the 
word  Pergunnah  should  not  be  so  prominent  as  its  distinguish- 
ing name,  and  the  word  District  as  the  name  of  that  district 
which  is  the  point  required  to  be  seen ;  we  have  endeavotured 
to  exemplify  these  matters  on  the  Pergunnah  map  of  Limbae, 
Plate  X.,  which  is  prepared  in  strict  conformity  with  the 
standing  departmental  rules  laid  down  for  the  guidance  of  all 
Surveyors  as  far  as  the  present  state  of  the  Lithographic  art 
in  Calcutta  will  permit 

The  titles,  or  headings  for  the  village  plans,  are  generally 
written  in  a  neat  round  text,  vide  Plates  VIII.  and  IX.  The 
immense  number  of  these  plans  which  require  to  be  completed 
during  the  season,  prevents  a  more  laborious  style  of  printing, 
and  which  indeed  is  not  necessary  for  the  description  of  record, 
the  adjoining  names  on  these  latter  maps  are  also  recorded  in 
neat  romid  handwriting,  as  shewn  on  Plate  VIIL 

In  summing  up  the  several  steps  before  adverted  to,  it  is 
necessary  to  make  a  few  remarks  on  plan  draw- 
Finwhmg.  ing  generally,  which  may  be  divided  into  Topo- 
graphical and  Geographical  plans. 

A  Topographical  plan  should  represent  the  detail,  and  con- 
tmn  all  that  is  necessary  towards  acquiring  a  special  know- 
ledge of  a  certain  extent  of  ground,  or  of  a  small  country  or 

•  "  Hand  Book  for  Plain  and  Ornamental  Mapping,  by  Benjamin  Wilme." 
3  w 
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district,  and  especially,  if  for  military  purposes,  for  which  all 
plans  are  more  or  leu  intended,  sncb  a  particular  distinction 
of  things  and  drcamstances  cannot  be  attained  in  geographical 
maps,  which  include  an  extensiTe  portion  of  the  sar&ce  of  the 
earth,  whole  countries  and  even  sometimes  the  entire  globe 
itsel£  Topographical  maps  are  made  on  a  larger  scale  tbaa 
geographical  ones ;  one  inch  to  a  mile,  although  a  small  scale  for 
such  maps  is  a  very  proper  and  convenient  one,  and  is  the 
same  on  which  the  Ordnance  Sorrej  of  England  is  published. 
It  is  also  the  best  for  the  Petyunnah  maps  of  the  revenue 
sorrej  of  India,  and  the  smallest  scale  capable  of  showing  con* 
gregated  village  boundaries  in  Bengal  Six  inches  to  one  mile, 
is  a  large  scale  for  the  survey  of  a  country,  and  is  the  one  em- 
ployed for  the  plans  of  the  Ordnance  Survey  of  Ireland.  7W 
milet  to  airineh  is  a  very  useful  scale  for  general  district  maps 
to  show  the  fiscal  and  judicial  divisions,  places  of  importance, 
factories,  thannahs,  &c  forming  sheets  of  moderate  size,  and 
convenient  for  the  local  authorities  to  carry  about  with  them, 
when  on  circuit  duty.  In  the  North- Western  Provinces,  this 
scale  is  sufficient  to  show  village  boundaries,  the  average  area 
of  these  circuits  being  upwards  of  a  square  mile,  or  from  700 
to  800  acres  each,  but  in  Bengal  the  villages  are  so  small, 
averaging  not  above  300  to  350  acres  each,  that  these  bounda- 
ries cannot  be  inserted,  on  this  scale.  Four  miles  to  an  inch 
is  the  scale  generally  used  for  geographical  maps,  and  is  well 
suited  for  obtaining  a  general  view  of  an  entire^  country,  and 
the  relative  situation  of  its  parts.  The  sheets  of  the  great 
Indian  Atlas  are  prepared  on  this  scale  as  well  as  all  the  Dis- 
trict compilations  from  the  revenue  survey  Fergunnah  m^s. 
By  means  of  maps  and  plans  alone,  can  a  complete  practical 
intimacy  with  the  various  parts  of  a  country,  and  of  the  face 
and  nature  of  the  ground  that  composes  it,  be  obtained,  and 
they  should  therefore  afford  an  accurate  view  of  every  local 
object,  and  furnish  a  clear,  lively  and  imposing  representation 
of  the  reality. 
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The  art  of  drawing  maps  and  plans  consists  therefore  in 
representing  larger  or  smaller  portions  of  the  surface  of  the 
earth  on  paper,  in  sach  a  manner  that  every  delineation 
shall  bear  as  strict  a  resemblance  as  possible  to  the  natural 
object,  and  the  entire  skill  required,  is  the  attiunment  of  a  cer- 
tain facility  of  manipulation  in  putting  together  the  materials 
collected  so  as  to  form  a  map.* 

The  following  remarks  from  Jackson's  Surveying,  may  be 
quoted  with  advantage : 

"  A  good  plan  conveys  to  the  mind  a  more  perfect  image 
than  can  he  obtained  by  looking  at  the  gronnd  itself.  It  enables 
ns  to  examine  and  compare  the  great  features  of  a  country ; 
we  trace  on  it  the  directions  of  lines-of  coasts,  rivers,  moun- 
tains, woods,  foresfs,  &c,  distance  is  nothing,  we  see  the  coun- 
try, twenty,  fiity  and  a  hundred  miles  off,  we  can  estimate  the 
comparative  heights  of  hills,  without  having  to  bear  in  mind, 
that  the  angle  subtended  by  a  moontain  varies  with  its  distance 
from  the  eye,  or  that  such  an  art  as  perspective  exists,  nay 
more,  it  may  be  asserted  that  a  really  good  plan  is  fully  equal, 
I  had  almost  said,  superior  for  Military  purposes  to  the  best 
model" 

"  In  plans  there  are  three  things  to  be  desired ;  Ist,  correct- 
nest,  without  which  a  plan  is  worse  than  useless  ;  2nd,  clearneii, 
in  order  that  every  part  may  be  understood ;  and  3rdly,  beauty 
of  execution,  which  is  generally  found  to  accompany  the 
second  of  these  desiderata.  This  last,  however,  being  the  only 
point  upon  which  the  majority  of  persons  are  capable,  or  rather 

*  "  The  object  of  eveij  map  nt^y  be  stated  to  be  a  repreeentaUoD  on  a  flat 
surface,  of  a  portioD  of  the  earth,  on  which  all  the  lines  or  distances  sbaU  as 
far  aa  the  dJfTereace  of  the  surface  will  permit,  bear  the  same  proportion  to  one 
another  as  those  in  nature  do.  Acooracy  is  of  coorae  essential  to  it ;  but  tbe 
Talue  of  the  accuracj  is  like  that  of  other  things,  comparative,  and  is  alwajs 
to  be  judged  of  by  the  coat  of  its  production.  Perfect  mathematical  accuracy 
is  as  unatlitinableasitwonldbe  \imc!lrm,iHatluUdtgretofit  ichkh  aliMg  tohe 
praeticaUy  tseffd^  i»  JbriitHatdi/  within  ow  reaek." — On  the  Principles  of 
Geodesy,  by  Delta,  GleaningB  in  Science,  toI.  2. 
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fancy  themselves  bo,  of  giving  an  opinion,  naturally  excites 
their  chief  attention. 

"  When  examining  a  plan  how  rarely  do  we  think  of  the 
labor  with  which  it  has  been  produced,  the  triangulatiou  to 
obtain  certain  points  as  land  marks,  the  arduous  bnsine^  of 
surveying  every  yard  of  road  or  stream,  the  ability  and  care 
necessary  when  sketching  the  forms  of  the  ground,  and  the 
minute  attention  required  for  innumerable  minor  details;  how 
seldom  do  all,  or  any  of  these  considerations  enter  into  our 
thoughts,  when  a  plan  is  shown  to  us;  and  yet  the  merit, 
which  attaches  to  the  mere  drawing,  the  language,  as  it  may  be 
termed,  of  the  Surveyor,  an  accomplishment  little  more  than 
mechanical,  is  trifling  indeed,  when  compared  with  the  degree 
of  talent  and  labor  employed  in  the  formation  of  a  good  plan. 
Perhaps  time  may  afford  some  criterion,  whereby  to  judge  of 
the  comparative  value  of  plan  drawing  and  plan  making.  An 
expert  draftsman  will  in  the  space  of  two  or  three  days,  pro- 
duce a  copy  of  a  plan,  the  fleld  labor  and  plotting  of  which 
may  have  employed  a  Surveyor  for  a  whole  year." 

The  "practical  hints,"  in  the  foot-notes  extracted  from 
Simms'  Treatise  on  Drawing  Instruments,  will  be  found 
useful*      We   have  likewise   added  a  receipt  for   restoring 

•  Practical  Hinlt,  §*.,  on  the  Management  qf  Drawing  Paper. 

The  first  thiag  to  be  done  preparatory  t«  the  commenDement  of  a  drawing 
IB  to  Stretch  the  paper  evenly  upon  the  smooth  and  Sat  surface  of  a  drawing 
board.  The  edges  of  the  paper  should  Srat  be  cut  straight,  and,  aa  nearly  as 
possible,  at  right  angles  with  each  other  ;  also  the  sheets  should  be  so  much 
larger  than  the  intended  drawing  and  its  margin,  so  as  to  admit  of  being 
afterwarda  cut  from  the  board,  leaving  the  border  by  which  it  is  attached 
thereto  by  glue  or  paste,  as  we  shall  next  explain. 

The  paper  must  first  be  thoroi^hly  and  equally  damped  with  a  sponge  and 
clean  water,  on  the  opposite  side  From  that  on  which  the  drawing  is  to  be 
made.  When  the  paper  absorbs  the  water,  which  may  he  seen  by  the  wetted 
side  becoming  dim,  as  its  surface  ia  riewed  slantwise  aguust  the  li^t.  it  ia  to 
be  laid  on  the  drawing  board  with  the  wetted  side  downwards,  and  placed  so 
that  its  edges  may  be  nearly  parallel  with  those  of  the  board  ;  otherwise,  in 
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damaged  drawing  paper,  whicli  in  this  country  so  soon 
becomes  affected  by  the  dampness  of  the  atmosphere.  Draw- 
ing paper  should  always  be  wrapped  in  flannel,  and  kept 

using  a  T  aqnue,  on  incoiiveuieDce  ma.j  be  experieoced.  This  done,  lay  a 
str^ht  flat  ruler  on  the  paper,  with  its  edge  parallel  to,  and  about  half  an 
inch  Avm,  one  of  its  edges.  The  rnler  must  now  be  held  firm,  while  the  said 
projecting  half  inch  of  paper  ia  turned  np  along  its  edge  ;  then,  a  piece  of  solid 
glne  (common  glue  will  answer  the  purpose,)  having  its  edge  partially  dissolved 
bj  holding  it  in  boiling  water  for  a  few  seconds,  must  be  passed  once  or  twice 
aloi^  the  turned  edge  of  the  paper,  after  which,  this  glued  border  most  be 
again  Wd  flat  by  sliding  the  rule  over  it,  and,  the  mler  being  pressed  down 
upon  it,  the  edge  of  the  paper  will  adhere  to  the  board.  If  sufficient  glue  has 
been  applied,  the  mler  may  be  removed  directly,  and  the  edge  finally  rubbed 
down  b;  an  ivory  book-knife,  or  any  clean  polished  snbatance  at  hand,  which 
wiU  then  firmly  cement  the  paper  to  the  board.  Another,  bat  adjoining  edge 
of  the  paper  must,  next,  be  acted  upon  in  like  manner,  and  then  the  remain- 
ing edges  in  succession  ;  we  say  the  adjoining  edgea,  because  we  have  occa- 
sionally observed  that,  when  the  opposite  and  parallel  edges  have  i>een  laid 
down  first,  without  continuing  the  process  progressively  round  the  board,  a 
greater  d^^eo  of  c*™  "  required  to  prevent  induiationa  in  the  paper 
aa  it  dries. 

Sometimes  strong  paste  is  used  instead  of  glue  ;  but,  as  this  takes  a  longer 
time  to  set,  it  is  usual  to  wet  the  paper  also  on  the  upper  surface  to  within  an 
inch  of  the  paste  mark,  care  being  taken  not  to  rub  or  injure  the  surface  in 
the  process.  The  wetting  of  the  paper,  iu  either  cose,  is  for  the  purpose  of 
expanding  it ;  and  the  edges,  beii^  fixed  to  the  board  in  its  enlai^ed  state, 
act  as  stretchers  upon  the  paper,  while  it  contracts  in  drying,  which  it  should 
be  allowed  to  do  gradually.  All  creases  or  undulations  by  this  means  dis- 
appear Bfom  the  surface,  and  forma  a  smooth  piano  to  receive  the  drawing. 
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closed  ap  in  El  tin  case,  and  placed  well  off  tlie  ground,  and 
may  occasionally  be  pat  into  an  oven  and  well  heated, 
with  advantage. 

Mounting  paper  and  drawingg,  vamuhing,  ^c. 

In  mounting  paper  upon  canvaa,  the  latter  should  be  well  stretched  upon  a 
Bmooth  flat  surface,  being  damped  for  that  purpose,  and  its  edges  glued  dowD 
aa  was  recommended  in  strelchii^  drawing  paper.  Then,  with  a  brush,  spread 
strong  paste  upon  the  canvas,  beatjng  it  in  till  the  grain  of  the  canru  be  all 
filled  np  j  for  this  when  dr;,  wiU  preveot  the  canvas  &om  shrinking  when 
subsequently  removed  ;  and  having  cat  the  edges  of  the  paper  stra^ht,  paste 
one  side  of  everj  sheet,  and  lay  them  upon  the  canvas,  sheet  bj  sheet,  over- 
lapping each  other  a  small  quantity.  If  the  drawing  paper  is  strong,  it  is 
best  to  let  every  sheet  lie  five  or  six  minutes  after  the  paste  is  pat  on  it ;  for, 
aa  the  paste  soaks  in,  the  paper  will  stretch,  and  may  be  better  spread  smooth 
upon  the  canvas  ;  whereas,  if  it  be  laid  on  before  tbe  paste  has  moistened  the 
paper,  it  wiU  streteh  afterwards  and  rise  in  blisters  when  laid  upon  tbe  can- 
vas. Tbe  paper  should  not  be  cut  off  from  its  extended  position  tjll  thoroi^h- 
1;  dry  ;  and  the  drying  shobld  not  be  hastened,  but  gradually  tsbe  place  in  a 
dry  room,  if  time  permit ;  if  not,  the  paper  may  be  exposed  ta  tbe  sun,  unless 
in  the  winter  season,  when  the  help  of  a  fire  is  necessary,  care  being  had  that 
it  is  not  placed  too  near  a  scorching  heat. 

In  joining  two  sheets  of  paper  together,  by  overlapping,  it  is  necessary,  in 
order  to  make  a  neat  joint,  to  faather  edge  each  sheet ;  this  is  done  by  care- 
fiiUy  cutting  with  a  knife,  half-way  through  the  paper  near  the  edges,  and  on 
the  sides,  which  are  to  overlap  each  other  (  then  strip  off  a  feather  edged  slip 
from  each,  which  being  done  dexterously,  the  edges  will  form  a  very  neat 
and  efficient  joint  when  put  together. 

The  following  method  of  mounting  and  Tarnishing  drawings  or  prints  was 
communicated  some  years  ago  by  Mr.  Peacock,  an  artist  of  Dublin.  Stretch 
a  piece  of  linen  on  a  frame,  to  which  give  a  coat  of  isinglass  or  conunon  size. 
Paste  the  back  of  the  drawing,  leave  it  to  soak,  and  then  lay  it  on  the  linen. 
When  dry,  give  it  at  least  four  coats  of  weU-made  isinglass  size,  allowing  it 
to  dry  between  each  coat.  Take  Canada  balsam,  diluted  with  the  best  oil  of 
turpentine,  and  with  a  clean  brush  give  it  a  fall  flowing  coat 

In  selecting  black  lead  pencils  for  nse,  it  may  be  remarked  that  they  ought 
not  to  be  very  soft,  nor  so  hard  that  their  traces  canngt  be  easily  erased  by 
the  India  rubber.  Great  care  should  be  taken,  in  the  pencilling,  that  an 
accurate  outline  be  drawn,  the  pencil  marks  should  be  Satinet,  yet  not  heavy, 
and  the  use  of  the  rubber  should  be  avoided  as  much  as  possible,  for  its  fre- 
quent application  ruffles  the  surface  of  the  paper,  and  wiU  destroy  the  good 
effect  of  shading  or  colouring,  if  any  is  afterwards  te  be  applied. 
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All  copies  of  either  mapa,  or  computatioiiB,  are  dnly  com- 
pared with  the  original,  hj  two  persons 
j;C^;j^«  ""*  who  affix  their  initials  to  the  docnmenta  as 
having  done  so,  and  are  strictly  responsible 
for  the  same.  The  two  copies  of  the  village  plans,  taken 
from  the  roagh  sfaeets,  are  £rst  compared  with  the  original 
and  then  with  each  other,  and  any  discrepancy  imme- 
diately corrected  by  an  European  Assistant  and  not  left 
for  future  adjustment,  perhaps  to  be  forgotten.  The  boun- 
dary of  each  village  is  rigorously  compared  with  the 
ihakbtist  or  demarcation  sketch  map,  as  soon  after  survey  as 
possible,  and  it  is  necessary  to  record  on  every  map  that  this 
step  has  been  taken,  and  that  the  assimilation  is  sufficiently 
good  to  allow  of  its  bemg  passed.  In  case  a  kkusrak,  or 
detailed  measurement  field  by  field,  has  been  made,  the  map 
produced  by  this  operation  is  also  duly  compared  with  the 
professional  one,  and  the  agreement  of  the  two  is  another  proof 
of  the  work,  all  discrepancies  ensuring  an  iiomediate  enquiry 
and  reconcilement  In  like  manner  all  the  traverse  computa- 
tions are  compared,  one  assistant  reading  from  the  copy,  and 
the  other  looking  at  the  origiuaL  As  soon  as  these  precautions 
have  been  taken  and  the  attesting  initials  of  the  assistants  in 
charge  of  the  division  affixed,  the  document  is  ready  for  the 
examination  of  the  Snperintending  Officer,  who  adds  hb  sig- 

Receiptjbr  rtttoring  damaged  drawing  paper, 
Tftke  A  wash,  composed  of  od«  dracbcD  of  Isinglass  steeped  in  2  oances  of 
water  for  12  boon.  Then  Binuner  it  for  15  or  20  minntea  over  a  fire.  When 
nearly  ready  &dd  of  common  alam  (fitcooreo)  in  powder  20  grains,  strain 
throDgh  linen  for  use,  appl;  it  when  the  paper  is  on  the  drawing  board,  and 
damp,  and  work  it  on,  with  a  flat  bmsh,  when  dry,  wash  the  paper  over 
with  water,  wMch  will  indicate  whether  a  second  wash  of  the  above  is  necea- 
a*ij.  When  the  paper  is  thoroi^hlj  recorered,  wash  it  well  with  plain  water, 
and  a  flat  brush,  to  take  off  anjr  superfluous  Isinglass,  Uuorbing  the  super* 
flttons  water  with  a  clean  linen  rag.  When  thus  prepared,  the  colors  can  be 
thrown  in,  as  safely  aa  on  good  paper. 

Captun  Henderson's  Essay  No.  4,  on  the  Kctorial  Art. — CakuOa  Literary 
Gazttte,  Jtdy  1834. 
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nature  as  soon  as  he  is  perfectly  satisfied  of  the  accuracy  and 
sufficiency  of  the  work,  and  it  is  by  the  exercise  of  his  general 
knowledge  and  careful  eye,  in  the  detection  of  errors  and 
omissions,  that  the  value  of  the  results  of  the  survey  mainly 
depend.  The  amount  of  information  embodied  in  tiie  1-inch 
topographical  maps  from  the  larger  scale  requires  careful 
scrutiny,  every  thing  should  be  put  in,  which  the  scale  per- 
mits, and  these  maps  forming  the  chief  practical  test  of  a 
Siiryeyor's  labors  as  applied  to  the  widest  extentof  usefiilness, 
no  pains  should  be  spared  in  their  examination. 

The  register  sheets  for  the  village  plans  are  lithographed 
and  supplied  with  a  view  of  lessening  the 
pS$t^*  '^"^"^  °^  *  Surveyor,  the  statistical  and  area 
columns  are  filled  in,  the  former  from  the 
hhusrak  vernacular  returns,  and  the  latter  from  the  profes- 
sional computations  as  shown  in  Plate  VIIL  The  statistics  and 
general  remarks  of  the  condition,  and  state  of  prosperity  of  each 
Tillage  are  of  great  importance,  and  should  be  recorded  by  the 
Surveyor  himself.  The  information  thus  given,  forming  the 
basis  of  the  general  statistical  and  agricultural  report  of  the 
district  The  references  to  the  Settlement  Officer's  missil,  or 
file  of  proceedings,  enables  that  Officer  to  make  up  his*  own 
registers  with  facility.  The  duplicate  copy  of  the  professional 
plan  register  intended  for  the  Civil  Authorities  is  left  blank  at 
the  back,  the  numerical  data  of  the  survey  operations  being 
only  required  for  professional  purposes  in  the  Deputy  Sur- 
veyor General's  Office.  The  back  of  this  register  being  ruled, 
all  the  revenue  information,  as  to  names  of  mehals  and  pro- 
prietors, is  inserted  on  it  by  the  Settlement  Officer  from  the 
vernacular  records  of  his  own  proceedings.  Every  village  in 
the  entire  district  being  thus  prepared,  the  detail  of  informa- 
tion is  as  complete  as  can  be  desired.  Plate  IX.  represents 
the  form  of  Register  for  Bengal,  or  settled  Provinces,  the  Plan 
and  Traverse  computation  being  recorded  precisely  similar  as 
shewn  in  Plate  VIIL 
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It  remains  to  assort  and  airange  all  the  village  plans  and 
registers    into    moderate    sized    pergunnah 

FomifttJoD  of  Tolumes,  for  convenience  of  record.  The 
iiuQ^.'&c.  &c  "'  Hans  maybebonnd  op  either  alphabetically, 
according  to  the  English  or  Persian  alpha- 
bet, or  by  means  of  the  geographical  position  of  the  village. 
Every  plan  is  duly  numbered  and  placed  in  regular  succession 
and  from  150  to  200  may  be  said  to  form  a  convenient  volume. 
If  a  pergunnah  is  very  large,  it  is  of  course  divided  into  two  or 
more  books  as  may  be  necessary,  and  if  very  small,  two  or  more 
pergnnnahs  are  combined  together.  An  alphabetic^  list  of 
all  the  villages  is  prefixed  to  the  volume,  containing  also 
columns  for  the  number  ou  the  plan  as  well  as  the  areas, 
which,  summed  up,  show  the  correct  area  of  the  entire  per- 
gunnah. By  a  reference  to  this  Index  List,  any  plan  is  imme- 
diately found  by  its  number;  it  is  therefore  immaterial  how 
the  plans  are  placed,  as  long  as  they  are  numbered  properly 
in  succession,  and  that  the  Index  names  of  villages,  critically 
accord  with  the  same  on  the  plan'  sheets.  On  opening  the 
book,  the  plan  should  first  be  seen,  and  then  the  traverse  on 
the  reverse  side.  A  list  of  topographical  references  to  the 
coloring  is  invariably  appended  and  saves  much  labor,  which 
would  accrue  from  recording  such  items  on  every  plan.  A 
title  page  with  the  name  of  the  pei^nnah  and  a  few  blank 
sheets  of  paper  are  added,  for  the  purpose  of  inserting  any 
information  afterwards,  connected  with  tlie  Survey  operations 
of  the  pergunnah  or  district,  or  as  to  the  gec^raphical  fear 
tures  of  the  country.  On  the  Revenue  Surveys  these  voldmes 
in  fact  represent  the  Field-books,  as  well  as  the  completed 
work,  they  should  therefore  be  made  to  contain  every  possible 
information,  and  be  complete  in  every  respect,  so  as  to  super- 
cede the  demand  for  Field-books  after  a  Survey  is  over.  So 
much  of  the  Field  measurements  being  recorded  on  drawing 
boards  and  all  plotted  at  the  moment  of  Survey,  the  Field- 
books,  according  to  the  usual  style  of  that  document,  arc  more 
3  X 
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or  less  parti&l  and  imperfect,  and  therefore  not  desirable 
records. 

It  is  next  to  impossible  to  lay  down  absolute  and  distinct 
roles  for  the  performance  of  detail  duties. 
DivisioD  of  Labor.  An  before  stated  in  Chapter  XIL  every  Sur- 
veyor may  have  his  own  peculiar  method  of 
carrying  out  his  work,  and  in  such  matters  they  will  be  the 
beat  judges  of  the  nature  of  the  work  they  have  to  perform 
and  of  the  best  means  of  completing  it,  all  that  we  advocate  is 
gyttem  xa  all  that  is  done,  and  whatever  that  method  may  be, 
afler  it  has  been  once  maturely  considered  and  definitely 
determined  on^  it  should  not  be  departed  from.  Let  a  Sur^ 
veyor  apportion  oat  to  each  assistant  the  particular  duty  for 
which  he  is  most  qualified,  and  insist  on  its  being  followed. 
As  a  general  rule  each  assistant  is  responsible  for  the  division 
he  has  had  charge  of  in  tlie  Field,  and  is  expected  to  bring  up 
the  whole  of  the  work  connected  with  it,  but  it  frequently 
happens  that  from  local  causes,  one  party  may  accomplish 
more  Field  work  thah  they  can  get  out  of  hand  prior  to  the 
commencement  of  another  season,  whilst  another  party  may 
not  be  so  preyed  for  time  in  the  recess,  sach  additional  aid 
and  assistance  therefore  as  can  be  spared,  should  be  afford- 
ed where  it  is  most  needed.  Bach  assistant  has  gene- 
rally five  Native  Surveyors  of  various  d^rees  of  qualificar 
tions  under  him.  One  may  color  well,  another  may  print 
well,  and  so  on.  One  man  may  be  employed  simply  in  prick- 
ing and  tracing  off,  and  pencilling  in  the  village  plans.  These 
are  made  over  to  a  second  person,  to  ink  In,  to  a  third  to  be 
colored,  and  to  a  fourth  to  have  station  points,  letters  and  lines 
entered,  and  lastly  on  to  a  fifth  to  write  and  print  adjoining 
names ;  such  a  party  can  complete  from  fifteen  to  twenty  village 
maps  daily. 

By  this  arrangement  the  Snb-Assistant  is  enabled  to  devote 
himself  chiefly  to  the  more  important  points  in  finishing  the 
pergunnah  maps  and  areas,  and  the  Superintending  Officer  in 
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exercising  a  general  control  over  tlie  whole  work,  taking  care 
that  it  progresses  through  every  step  to  hia  satisfactioii,  metho- 
dically, cleanly,  and  accurately;  encouraging  and  helping 
in  all  difficulties,  and  by  patting  the  finishing  touches  to  the 
plans  render  them  worthy  of  his  professional  reputation. 

By  the  means  we  have  here  endeavoured  to  describe,  a 
Surveyor  may  have  the  satisfaction  of  seeing  his  office  cleared 
by  the  termination  of  the  recess,  and  find  himself  in  a  position 
to  take  the  Field  again  with  renewed  vigor,  unembarrassed 
by  any  arrears. 
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CHAPTER  XXVI. 


On  the  Method  op  descbibing  the  Graticule 
OP  Mapr 

Foe  the  purpose  of  representing  more  accurately  the  globe 
which  we  inhabit,  geographers  have  had  recourse  to  spherical 
balls,  on  the  surface  of  which  are  drawn  the  yarioas  divisions 
of  the  earth,  but  the  relative  divisions  of  the  earth,  and  the 
positions  of  places,  cannot  be  accurately  laid  down  on  these 
spheres,  till  certain  circles  have  been  described  on  its  surfaca 
These  circles  are  divided  into  great  and  small,  and  the  manner 
in  which  they  are  formed  may  be  described  as  follows. 
Imagine  a  sphere  to  be  cut  m  any  direction  by  a  plane,  the 
section  will  be  a  circle.  It  would  be  a  great  circle  if  the 
cutting  plane  passed  through  the  centre  of  the  sphere,  and  a 
small  circle,  if  It  (the  cutting  plane)  passed  out  of  that  centre. 

From  the  manner  in  which  a  great  and  small  circle  are 
generated,  it  is  evident  that  the  former  will  bisect  the  sphere, 
while  the  latter  will  make  an  unequal  division  of  it 

The  earth  turns  round  once  in  24  hours,  on  an  imaginary 
axis,  passing  through  its  centre ;  the  two 

Ofthe  Axis  and  Poles.  ......  .  , 

extremities  oi  this  axis,  are  its  poles,  the 

one  being  called  the  North  and  the  other  the  South  Pole,     Thia 

being  apprehended,  conceive  now  the  terrestrial  sphere  to  be 

cut  by  a  certain  number  of  planes  perpendicular  to  the  rotatory 

axis,  the  sections  will  obviously  be  parallel  to  each  other ;  that 

passing  through  the  centre  of  the  sphere  (a  great  circle)  being 

called  the  equator,  or  the  equinoctial  line,  while  all  the  others 
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(small  circles)  are  styled  the  parallels  of  latitude,  or  simply 
parallels. 

Again  a  point  being  assumed  on  the  terrestrial  globe,  the 
cutting  plane  may  be  imagined  to  pass  through  it,  and  the 
axis  of  rotation,  the  section  (a  great  circle)  will  be  the  meridian 
of  that  point,  being  perpendicular  to  the  equator,  and  to  the 
parallels,  and  passing  through  the  North  and  South  Poles. 

The  latitude  and  longitude  of  a  place  may  be  defined  in  the 
following  manner.  The  meridian  to  the  given  place  being 
drawn  in  the  way  above  described,  the  section  thereof  inter- 
cepted between  the  equator  and  the  given  point  is  called  the 
latitude,  which  will  be  North  or  South,  according  as  the  meri- 
dional section,  which  is  its  measure,  extends  towards  the 
North  or  South  Pole.  The  longitude  is  reckoned  upon  the 
equator  commencing  from  a  point  arbitrarily  assumed  as  the 
origin,  and  continued  as  far  as  its  intersection  with  the  meridian 
of  the  given  place.  In  English  works  on  geography  the  meet- 
ing of  the  equator  with  the  meridian  of  the  Greenwich  obser- 
vatory, is  taken  as  the  origin  of  the  longitudinal  arc  which  is 
measured  both  ways,  viz.  to  the  East  and  West  of  that 
meridiim. 

"  By  way  of  illustratmg  the  foregoing  definition  of  latitude 
mustrfttion  of  La-    *^  longitude  let  us  suppbse  that  PEP'Q 
tiiude.  iji  adjoining  diagram  represents  the  earth, 

whose  axis  is  PCP" ;  p 

the  North  Pole  P,  and 
the  South  Pole  Pi",- 
and  let  EAQR  re- 
present a  circle  pass- 
ing throogh  the  cen- 
tre C,  in  a  direction 
perpendicular  to  the 
axis  PP.  This  cir- 
cle c<»:responds  to 
the    equator,   and  it 
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divides  the  earth  into  two  hemispheres;  EPQ  being  the 
Northern,  and  EP"  Q  the  Soathem  hemisphere. 

"  Let  O,  I,  K,  re{a*esent  tlie  sitoation  of  three  places,  on  the 
surface  of  the  earth,  throogh  which,  let  the  great  circles 
PKF',  PIP',  and  PGP  be  drawn,  intersecting  the  eqaator 
EQ,  in  n,  m,  a,  respectively. 

"  These  circles  are  the  meridians  of  the  places  K,  I,  O,  and 
as  every  circle  is  supposed  to  be  divided  into  360°  there  must 
be  90°  from  the  equator  to  each  pole.  Hence  the  latitude  of 
the  place  Kis  measured  by  the  degree  of  the  arc  intercepted 
between  K  and  n  ;  and  the  latitudes  of  O  and  /  are  measnred 
by  the  degrees  of  the  arc  intercepted  between  O  and  a,  and  / 
and  m,  respectively.  These  latitudes  will  be  called  North 
latitudes,  because  the  places  lie  in  the  Northern  hemis- 
phere. 

"  In  like  manner,  let  there  be  two  places  W  and  V  in  the 
Southern  hemisphere.  The  latitude  of  W  will  be  measured 
by  the  degrees  of  the  arc  intercepted  between  W  and  a,  and 
the  latitude  of  V,  by  the  arc  intercepted  between  V  and  m, 
and  these  will  be  called  South  latitudes.  The  distance  be- 
tween /  and  V  is  called  the  difference  of  latitude. 

"  The  longitude  of  a  place  is  measured  by  the  degrees  of  an 
arc  of  the  equator,  intercepted  between  some 
■tade''**''""'^^"'  P*^*^'^*^  meridian,  and  the  meridian  pass- 
ing through  the  place.  Thus  suppose  G 
to  represent  the  particular  meridian  and  m  to  represent  the 
place  whose  longitude  is  required ;  the  longitude  of  m  is  mea- 
sured by  the  arc  ma  of  the  equator,  intercepted  between  a 
and  the  point  where  the  meridian  of  G  meets  the  equator,  and 
m  the  point  of  the  equator  where  it  is  cut  by  the  meridian  of 
the  place  m.  The  particular  meridian,  from  which  we  b^n 
to  reckon  the  degrees  of  longitude,  is  called  the  prime  or  Jir»t 
meridian,  and  it  is  different  in  different  countries. 

"  In  the  foregoing  diagram  if  G  represent  the  observatory 
of  Greenwich,  a  will  be  the  point  from  which  we  begin  to 
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reckon  the  degrees  of  longitude ;  and  nil  places  situated  to  the 
East  of  a,  such  m  B,m,  will  have  East  longitude,  while  those 
situated  to  the  West,asn, will  have  West  longitnda  Longitude 
is  usually  reckoned  180*^  E^t  and  West  of  the  prime  or  first 
meridian.  For  instance,  taking  a  as  the  prime  meridian  and 
reckoning  in  the  direction  R,  m,  Q,  we  should  say,  that  eyery 
place  was  so  many  degrees  East  Longitude,  whUe  if  we  reckon- 
ed in  the  direction  n,  E,  we  should  say,  all  the  places  had  so 
many  degrees  West  longitade."^  From  a  consideration  of  what 
has  been  advanced  it  will  be  evident  that  all  places  situated 
upon  l^e  same  meridian  have  the  same  Latitude,  while  all 
those  situated  upon  the  same  parallel  have  the  same  Latitude, 
again  as  the  parallels  of  latitude  become  smaller  as  they  ap- 
proach the  poles,  the  arcs  of  these  parallels  intercepted  between 
the  same  two  meridians,  will  also  be  smaller  as  we  proceed 
from  the  equator  to  the  poles,  though  in  fact  they  consist  of  the 
same  absolute  number  of  degrees.  Hence  it  will  be  easy  to 
Bee,  that  a  degree  of  longitude,  most  be  smaller  towards  the 
poles,  than  at  the  equator ;  and  must  become  gradually  smaller 
and  smaller  till  we  arrive  at  the  poles,  where  it  will  vanish 
and  he  eqtial  to  nothing. 

We  have  hitherto  supposed  the  earth  to  be  a  sphere,  bat  Its 
real  figure  is  a  spheroid,  the  minor  axis  of  which  being  the 
axis  of  rotation.  If  therefore  the  several  lines  whereby  latitudes 
and  longitudes  are  measured,  are  described  upon  a  spheroid, 
in  the  same  manner,  as  has  been  done  upon  a  sphere,  it  will  be 
seen  that  while  the  equator  and  the  parallels  are  circles,  the 
meridian^  are  ellipses,  equal  and  similar  to  one  another  whose 
degrees  vary  in  length  in  different  latitudes.  The  following 
Tables  exhibit  the  linear  values  of  the  degrees  upon  the  meri- 
dian and  the  parallels  from  8°  to  36°  North  latitude,  the 
extreme  limits  of  our  Indian  possessions  computed  upon  the 
spheroidal  hypothesis. 

-*  .Tiimieson'B  TreaUse  on  Coustmction  of  Maps. 
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It  will  Dot  be  consistent  with  the  object  of  the  present  work 
to  enter  into  the  details  on  which  a  map  of  the  world  is 
to  be  formed,  but  it  will  suffice  merely  to  lay  down  sach 
mlea  as  are  absolutely  essential  for  projecting  a  map  of 
any  portion  of  British  India.  We  cannot,  therefore,  serve  this 
purpose  better  than  by  giving  the  memorandum  of  instruc- 
tions for  describing  the  graticule  of  maps  comprising  small 
portions  of  the  globe,  drawn  up  by  the  late  Col.  Blacker,  for 
the  use  of  the  Surveyor  General's  Office,  which  recommends 
itself  by  its  remarkable  simplicity  and  accuracy  within  certain 
limits.  It  has  long  been  in  use  and  is  very  convenient  for 
mapping,  as  the  topographical  details  within  any  one  section 
are  easily  copied  and  transfcyred  into  any  other  map  differing 
in  projection,  or  in  central  meridian.  The  limits  to  which  it  is 
applicable,  is  confined  to  about  100  square  degrees.  The 
objeclious  to  the  method  are,  that  it  is  an  empirical  process 
being  based  upon  no  known  pr<gectimi,  and  that  the  protraction 
it  gives  rise  to,  be  it  performed  with  as  much  care  and  skill  as 
possible,  has  always  a  tendency  to  generate  error  because  it  is 
not  laid  off  from  one  common  origin,  on  the  contrary,  the 
spaces  are  built  one  on  the  other,  whereby  the  error  in  any 
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point  19  carried  on  through  all  the  eacceeding  ones.  Where 
great  accuracy  is  songht  for  and  the  extent  of  the  map  is 
considerable,  it  becomes  necessary  to  resort  to  the  principlea 
of  conical  derelopmentj  and  to  protract  by  meana  of  co-ordinates 
and  a  common  origin.  For  this  purpose  some  new  Tables 
have  been  introduced  by  the  present  Smrveyor  General  of 
India,  whereby,  by  means  of  rectangular  co-ordinates  from  a 
common  origin,  the  parallels  and  meridians  may  be  projected 
to  every  degree,  and  to  every  2°  according  to  the  scale ;  but 
these  Tables  are  too  extensive  for  insertion  in  this  work. 

"  The  following  method  of  delinea'ting 
,„„„„j^„,jj^  er  ■  me-  ^^  meridians  and  parallels  of  a  map,  al- 
though not  solely  referrible  to  any  of  the 
demonstrated  projections,  evidently  contains  so  much  truth,  as 
to  be  well  adapted  to  topographical  plans  embracing  a  very 
small  portion  of  the  hemisphere. 

"  By  a  mechanical  operation,  so  simple  as  to  require  but  little 
explanation,  is  produced  a  graticule,  whose  meridians  are  all 
equal,  are  equidistant  at  all  the  corresponding  points,  are  in- 
tersected by  the  parallels  at  equal  angles  on  the  same  side ; 
and  whose  parallels  consist  of  parts  proportional  to  the  cosines 
of  their  latitude. 

"  These  properties  will  be  rendered  more  obvious  by  the 
detailed  account  of  a  construction  adapted  to  an  assumed  case ; 
such,  for  example,  as  the  delineation  of  a  graticule  comprizing 
4  degrees  of  latitude,  between  the  parallels  of  20°  and  24%  and 
as  many  of  longitude,  on  a  scale  of  4  miles  to  an  inch. 

"  Let  there  be  imagined  a  quadrilateral 
CEFD,  whose  sides  shall  each  be  equal 
to  a  degree  on  the  meridian,  and  whose 
bases  shall  be  equal  to  half  degrees  of 
longitude  at  the  latitudes  in  which  they 
may  be  situate ;  the  angles  E  and  P  be- 
ing equal,  as  likewise  C  and  D,  it  is 
obvious  that  the  comprized   area  will 
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represent  s,  portion  of  the  earth's  surface,  one  degree  of  latitude 
high  and  half  a  degree  of  longitude  broad ;  and  that  it  may  be 
transferred  to  any  given  line,  either  by  determining  one  angle 
of  the  eqoilatfiral  or  its  diagonal  ED,  Let  the  latter  quantity 
be  preferred,  since  it  will  be  always  more  correct  to  lay 
down  a  line,  than  to  protract  an  angle;  and  suppose  the 
diagonal  to  have  been  ascertained. 

"Let  a  straight  line  ^iJ  for  the  central  meridian  divide  the 
paper  fi-om  top  to  bottom ;  and  at  the  lower  part  thereof,  lay  otF 
the  distance  21—20°  ■=  CE,  From  the  point  20°  describe 
on  each  side  of  the  central  meridian,  an  arc  with  the  radios 
CD  ™  half  a  degree  of  longitude  in  latitude  20°.  Describe 
similar  arcs  from  the  point  21°  with  the  radius  EF  ^  half  a 


degree  longitude  at  latitude  21°.  Intersect  the  two  first  from 
21°  with  the  diagonal  distance  £*/>,  and  the  two  last  from  20° 
with  the  same  distance.  These  several  intersections  y  S,  will 
obviously  be  points  correspondent  to  D,  F,  and  may  be  jouied 
accordingly  to  the  other  pomte. 
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"  If  a  similar  construction  be  repeated  by  applying  the  same 
quadrilateral  to  the  new  sides  S,  a  fresh  set  of  points  ■/  6", 
will  be  obtained,  and  will  supply  the  means  of  continuing  the 
operation  still  further. 

"Two  series  of  points  20°'  y"  and  21"  S,  S',  3",  will  be 
flius  generated  at  the  distance  of  a  degree  of  latitude  from  each 
other.  They  may  be  connected  in  the  direction  2 1°  3,  &c  and 
20°  y,  &C.  by  which  means  will  be  described  two  parallel  lines 
of  sensible  curvature;  and  again  joined  in  the  directions 
yJi  y'  ^»  y"  ^">  &<=•  ^hich  will  fojm  parts  of  diiferent  meridians 
half  a  degree  asunder.  As  it  is  usual  on  a  scale  of  4  miles  to 
an  inch  to  draw  parallels  at  every  30  minntfis'  distance,  the 
last  mentioned  meridional  parts  may  be  bisected,  and  the 
points  of  bisection  connected  for  a  new  parallel.  If  similar 
constructions  be  extended  to  the  right  and  left  of  the  intervals 
22° — 21°,  23°— 22,  24°— 23,  it  is  evident,  that  the  graticule 
will  be  complete,  and  have  all  the  properties  claimed  for  this 
method,  as  far  as  is  consistent  with  graphical  means. 

"  The  convergency  of  the  meridians 
will  however  not  be  sensible  near  the 
central  line  of  the  paper ;  but  perhaps 
there  is  no  other  so  simple  method  of 
delineating  them,  even  as  right  lines,  and 
St  the  same  time  indicating  all  then:  in- 
tersections with  the  parallels  of  latitude. 

"  It  remains  now  to  be  seen,  how  the 
diagonal  £D,  which  has  been  assumed 
as  known,  shall  be  obtained ;  and  for  this 
purpose  let  a  line  be  imagined  parallel 
to  FD,  from  the  point  E.  It  will  evi- 
dently be  one  side  of  an  isoceles  triangle 
whose  base  is  =  CDEF,  and  whose 
remmning  side  is  CEFD. 

"  Denoting  therefore,  the  side  CE  by 
o,  CD  by  b,  EF  by  d,  and  the  diagonal 
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ED  by  c,  we  have  in  the  iaoceles  triangle,  Cos  C  —  ^ — — 

and' in  the  obliqueangled-triangle />C£  e*  =  a*  + 

fc« — 2  ab  Cos   C  —  (by  substituting  the  value  of  Cos   C  al- 


a*—bd^   a*(l  +   ^),andthereforeC-\/a.(l  +  ¥) 

a* 

«  —  80S3S  Fathonu,  I  -=  88604^  PiUliomi  i  —  28419,5  FBtbomi. 

log.  i  <i=  «,45643  log.  a  —  4,7SI98 

lo(r.<l  — 4,46368 

ooiii.l(ijr.o-.S;Bia(B 

idem  — 6,81802 

loff.  ^  —  a,3460a 


log.  do.  «  0,06703  whose  squan  not  —  0,04361 

logr.  «  —  4,B2HS  -=  68910  Fntbonu. 

"  In  like  manner  may  the  diagonals  of  the  remaining  quadri- 
laterals be  determined;  and  when  reduced,  with  the  other 
parts,  to  the  scale  of  the  map,  will  give  at  once  in  inches,  the 
sides  a,  b,  d,  and  diagonal  c  for  every  latitude. 

"  In  the  present  supposition,  the  ratio  of  the  scale  is  ^j^rtz  • 
by  which  therefore  dividing  the  foregoing  quantities  we 
shall  have 

a  =  17,20  iaoim 
b  =    8,13      „ 
d—    8,07      „ 
B  —  16,01      „ 

"  If  SO  far,  has  been  thoroughly  understood,  there  will  be 
no  difficulty  in  using  the  following  Tables,  which  give  the  parts 
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of  every  quadrilateral  of  1  latitudinal  degree  high,  and  half 
a  longitudinal  degree  broad,  between  the  parallels  of  8° 
and  36°. 

"  But  the  scale  of  4  miles  to  1  inch  is  not  the  only  ratio 
which  may  be  required ;  and  therefore  other  sets  of  Tables  are 
added  for  the  scale  of  8  miles,  and  of  its  several  moltiplea  by 
2,  3,  4  and  6  to  one  inch. 

"  As  however  the  scale  decreases,  it  will  be  proper  that  the 
numbers  of  degrees  centred  in  the  sides  and  bases  of  the 
quadrilateral  should  increase.  The  following  law  will  there- 
fore be  observed,  which  is  calculated  to  maintiun  always  a 
regular  curvature,  without  marking  hy  too  sensible  an  angle, 
the  jnnction  of  one  quadrilateral  with  another. 


SeaUqf 

MOato 

Digr^ 

4 
6 

353440 

1° 

8° 

Vfa-I 

'  disidB  a  by  a 

16 
24 

1013760 

1 
1520640 

:;1 

■diTideobya 

32 

1 
2027620 

4» 

'  \ 

•  divide  B  by  2 

48 

9041380 

1° 

".  s 

*  NoiB. — The  diTiBioDi  bere  directed,  hare  for  object  the  reduction  of  thv 
qnadiiUUrals  to  the  arew  proposed  to  be  comprized  in  the  graticale.  Thna, 
in  the  iBt  scale,  there  will  be  an  inCenection  at  every  half  d^ree  )  in  the  Snd, 
3rd  and  4th,  at  CTery  decree,  and  in  the  Sth  and  6th  at  every  second  degree. 
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a  8»2.  v  *  irau  to 

tfW,       d  =  tf'-SO' 

Inth. 

I»tttiide.     1  ^f^. 

inln>. 

inlu.  |iDli». 

Lttitude. 

ml,«. 

,.L.  .x„.| 

PtcxoB 

',  13       17-18 
',    6      17- IB 

'    1        17S0 

,  sa     17S0 

E 

IS 

12 
(7 

1 

S-«   1     IB- 17 
8'U   '     IB  IS 

8S6      le-is 

From  ss  to  S3 
23  „S4 
S4  „ZS 
26„28 
28  „27 

28  "  S8 

sa„3o 

SO,,  31 

17-SO 
17SI 

I7sa 
ir-s3 

17  23 
17-S3 

8'OS 

7-84 

734 
7117 

7-34 

7-B8  '  1( 

7-71      It 

7'4S   '    11 
7-43  1  If 

97 
M 

W 

S7 

lAtitade.           a      |      i 

<< 

• 

„„.. 

" 

•   '  1  •  1 

From  3  to  10 

i 

7'SO 

as8 

8'U 
8-13 

8-61 
8'W 

8-31 
8'SS 

11 

FmniaStoS* 
S4  „S« 

17-23 
17-S3 

7W 
7-48 

7-00 
7 -48 
71)0 

V 
V 

It 

Hi 
83 

LUitudc. 

.      1       A 

d             c       1     UUtDde. 

- 

I 

'   ■  1 

Prom  8  to  11 

U  „  M 

17  ',',  20 

lS-8» 

428 

4'SO 
V14 

4-S4 

13'B7  ]P«.m23toSfl 

12» 
IS'W 

367 

337 

13-47 

TiaU  •ff  QMdril^l^r,^  part,  />»■  a  ScoU  qf  U  Mile,  1^  1  InA.-y.  B.  a  ^  3^.  b  ^  l'>.  i=V.\ 

i^nM,. 

«      1       ft      1       d       1       c       i     L.titudo.      1      ^      1       ft       1      d      1      .      1 

1?  ;;2o 

so   „23 

StK 

SS6 
S71 

SS3 

1 

FwrnZStoSe 

zeiiss 

S8„36 

861 

2M 
2-43 

2« 

8-99 

8'»e 

LiUitiide. 

a      j      J 

d      1       «      1     LiUtDde. 

a 

•        '   i    .| 

Prom  8  to  IS 
IS  „  18 

IS  „  so 

8*(9 
8-69 
S-80 
8-» 

I'Se 

4'S3 
40« 

8-48 

FroniS4lo!8 
32  ;;  M 

800 

8-ei 

11 

8W 

9'3> 
083 

LirtdtnJe.          a       1       ft             *             e      |     I*litude.     |       a      |       ft 

'       -1 

"1=1  li  i  i  i 

Prom  24  to  S8 

Ut 

SM 
2'4fi 

2M 
S'33 

329 
S'29 

AlUiaiwhlDths«mmpUwfaii!liliubeeBgiTimiveniiuUu'BBlu»  been smplorFd,  this  mettiod  ii 
BtYBTtheumo  ■cMeptibleofooDsid*nkblttttmD8ion.  At  the  umo  timB  it  hBA  ila  broita,  beyond  wbioli 
Uie  iDeridiuituidpiinille1>wini«sthalTpn>p«roiimtiir«,  Partaaps  100  luperflcul  degrees  will  be 
fooud  to  be  the  ntmoat  extent  to  whioh  it  oui  be  pnotiaed,  hithoat  intFoduoing  uw  seniible  diitoF< 
tion^and  this  ireimity  be  indiffBTMitlT  the  product  of  10  into  10,  II  into  0,  ISintoB,  13  Into  7,  14 
into  7,  ta.    whilit  it  ligiiiAet  little,  whieh  bcion  eipreH  the  UUlude  or  longitude. 
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CHAPTER  XXVII. 


On  the  connection  between  the  Great  Teigono- 

METRICAL  AND  REVENUE  SURTEYS — RaTIO  OP  BREOE — 

Extent   op   Coontrt  foe    Sdevey,    and  average 
COST  PEE  Square  Mile. 

No  Revenue  Survey  can  be  considered  complete  and  satis- 
factory, unless  the  errors  committed,  and  the  degree  of  accura- 
cy attained,  are  distinctly  reported  on.  Without  this  is  scru- 
pulously observed,  no  confidence  can  be  placed  in  its  results, 
and  as  no  work  whatever,  executed  by  human  means,  can  be 
free  from  error,  all  that  is  reasonably  expected  is,  that  un- 
avoidable errors  should  not  exceed  the  lowest  practicable  limits. 
Every  great  National  survey  has  a  limit  of  error  assigned,  and 
all  work  exceeding  this  limit  is  rejected. 

In  the  large  triangulation  of  tlie  Great 

Ratio  of  Error.  Trigonometrical  Survey  of  India,  where  of 

course  the  greatest  refinement  and  most 
scrupulous  care  is  observed,  an  error  of  one  inch  per  mile 
or  7T57T;  in  part,  amounts  to  500  inches  or  42  feet,  or  nearly 
half  a  second  of  latitude  in  500  miles,  which  is  the  distance 
between  some  of  the  bases.  The  work  is  reckoned  liable  to 
half  this  errorjivhen  executed  with  the  great  theodolite,  and 
equal  to  the  degree  of  correctness  indicated  by  an  inch  per 
mile,  when  performed  by  18-inch  instruments  for  the  subor- 
dinate series  of  triangles ;  with  inferior  instruments,  or  a  less 
careful  system,  the  accumulation  of  error  would  be  ajvot  per 
mile,  which  is  equal  to  a  ratio  of  j^'^jj  in'linear  dimeDsions 
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or  j^jj  in  area,  or  j^  per  cent,  or  6  seconds  in  the  above  dis- 
tance. 

But  men  trtdned  to  this  degree  of  exactness  are  out  of  their 
place  in  the  detail  measurementa  of  the  Revenue  Survey,  the 
valuable  qualities  of  the  Trigonometrical  Surveyor,  which  he  is 
obliged  to  maintain  with  such  care,  viz.,  delicacy  of  eye  and 
touch,  and  rigoroua  modes  of  thinking,  would  be  injurious  in 
the  detfuls,  and  there  wonld  only  be  a  loss  of  time  in  changing 
from  one  work  to  the  other.  They  require  in  fact,  people 
differently  trained,  with  instruments  of  different  calibre,  and 
of  different  constitutions  of  mind.  The  Trigonometrical,  from 
being  freed  from  details,  has  been  able  to  progress  more  rapid- 
ly, and  the  great  object  has  been  to  get  the  large  triangulatios 
out  of  hand,  without  it  nothing  systematic  or  really  trustworthy 
can  be  done.  Indeed  the  principal,  and  the  detml  work,  never 
could  have  gone  on  pari  passu,  and  if  the  latter  is  based  on  the 
triangulatlon,  it  cannot  be  liable  to  any  great  accumulation  of 
error,  and  may  be  taken  up  and  organized  according  to  the 
scale  required. 

The  maximum  error  allowed,  in  lineal  measurement  on  the 
Bevenue  Survey,  according  to  the  test  it  is  submitted  to  by 
traverse  proof,  is  10  links  in  100  chains  equal  to  6'28  feet  per 
mile  of  a  mile,  but  in  the  actual  prosecution  of  the  extensive 
surveys  of  the  season  1847-48  covering  an  area  of  about 
16,000  (sixteen  thousand)  square  miles  the  average  ratio  of  cor- 
rection employed  for  the  closing  of  the  traverses,  is  fonnd  to  be 
only  2  feet  per  mile,  or  rather  more  than  one-^third  of  the 
allowed  correction ;  j'p  per  cent,  therefore  for  the  pergunnah  or 
main  circuit  measurement  is  fully  within  practicability,  -j^  per 
cent,  also  may  be  allowed  for  the  area  of  the  di^rict,  ^  per  cent 
for  the  village  survey  area,  and  one  per  cent  for  the  interior 
detail  measurement  of  cultivation  and  waste. 

These  are  exclusively  the  errors  of  measurement  As  the 
computation  of  the  Revenue  Survey  is  based  upon  the  wrong 
asetunption  of  the  earth's  surface  being  a  plane,  certain  dis- 
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crepancies,  no  donbt,  will  arise  from  this  circumstance;  but 
these  are  invariably  very  smalt  in  compariaon  with  the  errors 
of  measurement,  aa  will  be  evident  from  the  inspection  of  the 
following  Table,  wherein  it  will  be  perceived  that  a  Fergnnnah, 
of  the  average  area  of  100  square  miles,  will  demand  an  addi- 
tive correction  of  2,969  square  feet,  on  account  of  the  spheri- 
city of  the  earth,  to  give  the  absolute  anperficial  surface  or 
contents  of  the  circuit;  the  required  correction  is,  however,  too 
small  to  make  its  omission  of  any  consequence  in  a  Revenue 
Survey  operation. 


Coropnted  ■,  Correction 

Computed 

Correction 

Computed 

Correction 

plane  Area   forredaciDg 

plane  Area 

for  reducing 

of  the  He-   the  plane  to 

of  the  Re- 

the  plane  to 

of  the  Re- 

theplaneto 

venue  Sur-  1  the  spheri- 

TenneSur- 

venue  Sur- 

yej.               cal  Area. 

vej. 

calArefu 

vej. 

cal  Area. 

8q.  Miles. 

Sq.  Feel. 

Sq.  Miles. 

Sq.Feet^ 

8q.  Miles. 

Sq.  Feet. 

+    0 

19 

+     30 

100 

+     3S69 

SO 

119 

aoo 

11875 

30 

367 

300 

36719 

40 

47S 

400 

47501 

GO 

743 

500 

74231 

60 

10S9 

106878 

70 

1455 

700 

145473 

80 

1900 

800 

19000S 

a* 

2405 

900 

210475 

But  the  most  severe  test  to  which  a  Revenue  Surrey  can  he 
subjected,  is  the  comparison  of  its  results 
thefw^i^^r"^  with  those  of  a  Trigonometrical  Survey, 
and  that  this  comparison  may  be  perform- 
ed as  readily  as  possible,  a  due  and  proper  connection  between 
the  two  surveys  is  essential,  and  scrupulously  maintained. 
When  this  is  the  case,  the  principle,  agreeably  to  which  the 
map  of  the  former  operation  may  be  corrected  by  the  latter, 
may  be  stated  as  follows : 

Suppose  A,  B  and  C,  to  be  three  points  laid  down  by  both 
these  operations.  A,'  &  and  O  being  the  trigonometrical  posi- 
tions, while  A"  B'  and   C  are  the  Revenue   Survey   sites 
3  z 
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thereof.  Now  take  tlie  Revenue  Survey  map  and  place  A' 
upon  A"  and  then  if  the  Trigonometrical  line  A'ff  be  laid 
off  agreeably  to  its  azimuth,  B'  may  or  may  not  fall  upon  £/ 
most  probably  it  will  not  do  sa  Again,  when  C  is  protracted 
in  the  same  way  as  B",  it  will  moat  probably  be  non-coiucident 
with  C".  Here  is  thereforeatriangulartractofcountry^BC 
which  is  represented  by  two  dissimilar  triangles  A'B'C  and 
A''B"  C  possessing  only  a  common  point  A.  Assuming  the 
Trigonometrical  area  A'B'C  as  errorless,  that  furnished  by 
the  Revenne  Survey,  namely,  A'B'C  must  not  only  ba 
shifted  from  its  ori^nal  position,  but  enlarged  or  compressed, 
as  the  case  may  be,  so  as  to  produce  a  perfect  coincidence  with 
A'B'C.  When  this  operation  is  gone  through,  the  Revenue 
Survey  points,  comprised  within  the  triangle  A^E'C,  will 
fall  into  such  positions  as  would  make  them  correspond  with 
the  Trigonometrical  sites  A'B  and  C. 

When  the  first  triangle  has  been  corrected,  take  the  trigo- 
nometrical position  ly  oi  &  fourth  point  D,  and  compare  it 
with  its  Revenne  Survey  site  jy,  it  is  most  likely  that  V  and 
D"  will  have  different  positions.  Forming  as  may  be  conve- 
nient ABD  or  A  CD  or  BCD  into  a  triangle,  its  Revenue 
Survey  value  may,  by  a  process  similar  to  that  just  described, 
be  made  to  agree  with  its  trigonometrical  valu&  In  like 
nkanner  the  remaining  parts  of  the  Revenue  Survey  map  may 
be  altered;  so  as  to  make  them  conform  to  the  correct  areas  of 
the  Trigonometrical  Survey. 

When  the  several  parts  of  a  Revenue  Survey  map  are  alter- 
ed in  the  way  abovementioned,  the  corrections  applied  are 
supposed  to  be  small,  or  if  large,  they  are  supposed  to  be  in 
the  same  direction  and  proportional  to  the  areas  to  be  altered. 
When  either  of  these  is  the  case>  a  most  perfect  map  will  be 
obtained.  But  if  the  corrections  are  irregular,  that  is,  if  they 
demand  unec[ual  enlargement  of  the  difierent  parts  of  the  map, 
or  an  unequal  compression  of  them,  or  if  some  corrections 
require  enlargement   and  others  compression,  the  corrected 
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map,  in  altering  the  relative  positions  of  villages,  ^ould  fiirnisli 
a  distorted  representation  of  the  conntrj,  which  would  decid- 
edly be  inferior  to  the  original  uncorrected  map  which  per- 
haps did  not  contain  these  distortions. 

The  following  comparative  Tabular  Statement  of  the 
nnmerical  values  of  surveys  conducted  both  in  the  North- 
western Provinces  as  well  as  in  Bengal,  and  performed  at  an 
interval  of  17  years,  will  best  illustrate  the  preceding  re- 
marks. 


DUUnees. 

nue' Survey. 

From  Trigo- 
nometrical 

Error. 

Error 

Saini  to  S«roli, ..._ 

fe«L 
96889 
67571 
1U7906 
896BI 
31IT0 
2U296 
116637 

feet. 
97017 
67639 
108018 
90249 
31194 
2I48B6 
U6046 

feet. 

—   38 
68 
112 

568 

feet 
1-63 
5-16 
5-58 

33-50 
4-07 

26-66 

SaiDi  to  Dholri, 

Godhns  to  Sainj 

Distances. 

From  Beve- 
nue*  Survey, 

FromTrigo- 
Survey. 

Error 

Error 

CsJcutta  Base  North   End  to 

Bftrakpur  Flag  Staff, 

Ditto  North  End  lo  Armeoian 

feet. 
I98B0 
66636 
65987 
70196 
22097 

feet. 

19869 
66721 
560S1 
70326 

22147 

feet. 

85 
64 
130 
50 

feet. 

6-03 
9-77 
12-02 

Ditto  North  End  to  Fort  Wil- 

Sariaa  to  Diamond    Harbour) 
Semaphore.  ( 

*  These  distances  are  deduced  from  the  following  Tables  of  the  Meridional 
and  Perpendicular  Co-ordinates. 
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From  an  inspection  of  these  Tables  it  will  be  seen  that  the 
errors  committed  on  the  two  Revenue  Surveys  range  from 
1'62  to  33-50  per  mile  on  the  former  and  from  4-8  to  12 
feet  per  mile  on  the  latter,  and  tbey  all  He  in  the  same  direc- 


Extract  front  He  Delhi  and  Saharanpta-  Sevenve  Sunwy.               1 

Stations. 

Distances  from  the  J»ina 
Musjid  of  Delhi. 

N.  5347 
„    2733 
„    2142 
„    2B31 
„    1487 

S.    2641 

„  S8ia 

„    604* 

E.  3205 
„   1849 

„  2685 
„   1387 
„  1187 
„    1630 

»      181 
W.  1088 

Stttiooa. 

IMstancea  from  the  North  End 
Calcutta  Basw. 

Meridian. 

K.    283-19 

s!      823-99 
„    1548-78 
,   2541-88 
„   2876-86 

W.  101-30 

E.     138-93 
W.  201-59 
„     587-87 
„     9S5-26 
„     958-71 

9  of  Ounter's  chuQ  of 


The  distances  in  these  Tables    are    givi 
66  feet  in  length. 

Suppose  A  and  B  ore  two  points,  the  distance  between  which  is  required  to 
be  computed,  calling  m  and  p  the  meridional  and  perpendicular  co-ordinates  of 
the  former  point,  and  nt' and  p*  the  like  co-ordinates  of  the  latter;  then  tha 
distance  ofA  toBwillbeequisalentto  |  (  «  uim')'-\-  Cp«>p')'ji  That 
is  to  saj,  the  required  distance  is  the  hypothenuse  of  a  right-angled  triangle, 
whose  sides  are  m  uim'andp  cnp'.  Asforexaa]ple,thedistancefromSaii)ita 
Saroli  =[  (2831  ~2142)'  +  (2685— 1387)'}i 
=       1469-93     chains     =  969-89  feet. 

It  should  be  borne  in  mind,  that  when  either  the  meridional  or  perpendicular 
co-ordinates  happen  to  be  of  diderent  deoominationa,  Che  square  of  the  mm  of 
the  co-ordinates  so  differing,  will  require  to  lie  taken  in  lieu  of  the  square  of 
their  difference.     Thus  the  distance  fi-om 

Bahin  to  Chapra  =  J  (5044—3812)'  -I-  (  181  +  lOSe)"]! 
^  17G7-S3    chains   <>■   1166'37  feet 
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tion,  tha  Revenue  measurement  being  in  defect  of  the  Trigo- 
nometricst  Survey.  Taking  the  smaller  of  these  discrepan- 
cies as  the  error  of  the  Revenue  Survey  unit,  it  will  be  seen 
that  the  greatest  error  actually  committed  in  the  more  re- 
cent operations  is  only  7  feet  per  mile. 

The  azimuth  of  any  side  of  the  large  triangles,  likewise  proves 
a  check  on  the  deduced  azimuth  of  the  Revenne  Survey  as  con- 
veyed from  one  main  circuit  to  another,  and  this  comparison  is 
carefully  carried  out  when  opportunity  is  afforded  for  so  doing. 

Having  explained  in  a  general  way  the  principle  agreeably 
to'whicli  the  details  of  a  Revenue  Survey  may  be  combined 
with  the  results  of  a  trigonometrical  operation,  we  will  now 
proceed  to  describe  the  mechanical  process  whereby  that  com- 
bination may  be  effected  in  practice.  For  this  purpose,  retain- 
ing the  characters  already  used,  we  will  represent  by  A'B'C 
the  Trigonometrical  and  by  ^S'  C  the  corresponding  Revenue 
Survey  triangle.  Of  the  three  angles  of  the  former  triangle, 
suppose  A'  to  be  nearest  to  a  right  angle,  now  take  the  sides 
A'B'  and  AO  adjacent  to  this  angle  and  divide  the  former 
into  m  and  the  latter  into  n  equal  parts,  m  and  n  being  two  in- 
dependent numbers.  This  done,  draw  through  the  dividing 
points  of  A'B'  parallels  to  A'C.     In   like  manner  through 


the  dividing  points  of  the  latter,  draw  lines  parallel  to  the 
former.  This  will  divide  the  triangle  A'B'C  into  a  certain 
number  of  spaces,  the  greater  part  of  which  will  be  parallelo- 
grams, and  the  remainder,  triangles,  as  shown  in  diagram  No,  1. 
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After  the  trigonometrical  triangle  A'B'C  has  been  divided 
in  the  way  abore  described,  the  corresponding  Revenue  Survey 
triangle  A'BfC  may  now  be  subjected  to  a  similar  operatioa 
by  dividing  the  side  A'S'  into  m  and  A"  C  into  n  equal  parts, 
and  by  drawing  through  the  dividing  points  of  either  line 
parallels  to  the  other.  Thb  is  done  in  diagram  No.  2,  and 
the  spaces  into  which  the  triangle  A'B'C  is  divided,  are 
analogous  to  those  contained  in  the  triangle  A'B'O,  the 
corresponding  spaces  in  the  two  figures  being  marked  by  the 
same  numerals. 

When  this  preliminary  division  of  the  Trigonometrical  and 
Revenue  Survey  triangles  has  been  made,  the  details  from  each 
of  the  revenue  spaces  are  sketched  into  the  corresponding  tri-: 
gonometrical  space.  When  the  sketching  of  all  the  spaces  is 
completed,  the  Revenue  Survey  details  will  stand  transferred 
into  the  Trigonometrical  Survey  map. 

It  ought  to  be  observed  at  this  place,  that  this  operation  of 
sketching,  which  is  performed  by  the  hand  and  the  eye,  is  a 
guess  procedure,  and  that  supposing  it  to  be  executed  as  skilfully 
as  pc^sible,  it  will  always  be  liable  to  some  error.  This  error, 
however,  will  be  reduced  to  minimum,  if  the  spaces  to  be 
sketched  are  sufficiently  diminished  in  size.  For  this  purpose 
the  most  convenient  form  for  a  space  of  this  kind  is  that  of  a 
parallelogram,  right-angled  or  as  nearly  right-angled  as  possible, 
with  sides  varying  from  one-fourth  to  one-third  of  an  inch  in 
length.  The  first  of  these  conditions  will  be  attained  by  con~ 
BtrucUng  the  small  parallelograms  upon  those  two  sides,  which 
contain  either  a  right  angle  or  an  angle,  which  is  more  nearly 
a  right  angle  than  either  of  the  remaining  angles  of  the  given 
triangle.  As  to  the  second  condition,  it  will  always  be  in  the 
power  of  a  draftsman  to  ftilfil  it,  by  assigning  proper  values  to 
m.  and  n  taking  care  that  these  values  come  under  any  of  the 
following  forms,  a'',  a",  a""  x  ^,  the  exponents  p  and  q  being 
any  integral  numbers  whatsoever.  When  the  numerical  values 
of  m  and  n  are  taken  equivalent  to  powers  of  2  and  3,  or  to  the 
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products  of  those  powers,  the  divisioa  of  a  given  line  into  a 
required  number  of  equEil  parts  will  become  as  easy  as  possible, 
it  being  carried  on  by  continual  bisection  or  trisection  of  dis- 
tances, or  by  those  two  operations  taken  combinedly. 

One  advantage  attending  the  combination  of  the  Kevenne 
with  the  Trigonometrical  Survey,  consists  in  the  cancelmentof 
the  eiters  of  measurement  which  are  almost  unavoidable  in  the 
former  operation.  The  second  advantage  of  such  an  incorpor- 
ation, is  the  elimination  of  those  small  discrepancies  in  com- 
putation, proceeding  from  the  wrong  assamption  made  in  the 
Revenue  Survey  of  the  earth  being  a  plane.  But  there  is  a 
third,  and  perhaps  the  most  important  advantage,  accom- 
panying the  union  of  the  two  Surveys,  which  consists  in  the 
reference  of  tlie  Revenue  Survey  details  to  proper  meri- 
dians and  parallels.  From  the  manner  in  which  a  Revenue 
Survey  is  conducted,  it  may  be  easily  inferred  that  those  lines 
can  never  be  drawn  with  any  accuracy  in  the  plan  of  that 
operation.  On  the  other  hand,  they  can  be  laid  off  with  the 
greatest  exactness  in  a  trigonometrical  map,  from  the  known 
latitudes  and  longitudes  of  the  trigonometrical  stations  contiun- 
ed  in  it.  Suppose  the  operation  of  drawing  tlie  meridians  and 
parallels  is  executed  in  a  trigonometrical  map,  whereto  the 
Revenue  Survey  details  have  been  transferred,  it  is  evident 
that  that  operation  will  fix  the  latitudes  and  longitudes  of 
those  details,  a  determination  wliicli  will  obviously  enhance 
their  value  as  geographical  materials,  in  putting  them  in  an 
avfulable  state  for  the  fonn&ti<m  c^  the  general  atlas  of  the 
country. 

It  is  desirable  that  the  triangulation  should  always  precede 
the  Revenue  Survey ;  it  frequently  happens,  however,  that  in 
such  a  large  country  as  India,  the  trianguIatiiMi  has  not  extended 
over  the  district  marked  for  the  Revalue  operations.  In  this  case 
it  becomes  necessary  to  fix  very  carefully  all  the  conspicuous 
objects  and  triple  junction  Fergunnah  Stations  from  one 
permanent  point  of  departure.   From  this  first   station,  which 
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sfaonld  be  a  masonry  pillar  bnilt  expres^j  (if  no  co&renient 
object  presents  itself,)  all  the  co-ordinate  distances  are  com- 
puted, and  are  referrible  at  any  sabseqaent  Ume  to  the  data 
prodaced  by  the  Trigonometrical  Surrey,  bo  that  an  onion  with 
it  may  afford  the  means  of  rectifying  the  topographical 
maps.  The  stations  are  likewise  marked  as  durably  as  the 
means  at  the  disposal  of  a  Rerenne  Sorreyor  will  permit,  and 
properly  connected  with  every  available  surrounding  object  of  a 
permanent  character,  with  a  view  of  easy  identification ;  with 
the  aid  of  a  proper  map  of  the  district,  and  full  descnptions  of 
all  the  stations  so  fixed,  the  Trigonometrical  Sorreyor  has  no 
difficulty  in  taking  them  all  op  as  secondary  points.  -  If  the 
first  point  of  departure  is  fixed  astronomically,  it  is  considered 
only  temporary,  b^og  replaced  afterwards  by  values  ^ven 
by  the  Great  Trigonometrical  Survey,  which  are  strictly  cor^ 
rect  as  to  relative  positions,  and  with  which  no  astronomical 
measorements  executed  by  a  Revenue  Surveyor,  can  pretend 
to  compete. 

From  the  year  1822,  when  the  Revenue  Surveys  first  com- 
menced, op  to  the  year  1830,  the  rate  of 
Uom!^™**  °  opera-  progress  at  which  the  operations  proceed- 
ed was  extremely  limited.  Only  3,020 
square  miles,  a  little  more  than  half  a  square  degree,  had  then 
been  performed  in  seven  years,  with  ten  Officers  employed  in 
the  department,  the  annual  rate  of  progress  of  each  Surveyor 
ittn^ng  from  50  square  miles  to  338  as  a  maximum,  and  at 
this  rate  it  was  estimated  that  the  area  of  Bengal  and  the 
North-Westem  Provinces  being  about  310,000  square  miles  or 
77  square  degrees,  would  require  481  years  to  accomplish,* 
The  Offlcers  employed  in  those  days,  however,  had  little  or  no 
assistance^  and  the  duties  performed  then  by  the  Revenue 
Surveyor  himself,  are  now  entrusted  to  competent  assistants 
and  sub-assistants  with  large  native  establishments  under  them, 

*  Account  of  the  pressDt  s;st«m  of  Surrey,  &c.  Sy  Captain  Herbert, 
Bepnt;  Snrveyor  Oeneral    Calcutta,  1830. 
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■whilst  the  Surveyor  acta  as  a  Superintendent  over  the  whole 
as  described  in  a  former  Chapter,  the  result  of  which  has  been, 
that  during  the  last  20  years,  or  since  1830,  the  whole  of  the 
North- Western  Province  Districts,  all  Behar  and  Orissa,  and  a 
considerable  portion  of  Bengal  Proper,  have  been  completed 
as  detailed  below,*  no  less  than  46  districts  of  unsettled  estates 
amounting  to  101,519  squara  miles,  and  13  districts  of 
Bengal  and  Behar  perpetually  settled  estates,  yielding  an  area 
of  53,295  square  miles  have  thus  been  surveyed  in  detail  and 
mapped,  leaving  twenty  districts  of  Bengal,  comprising  5?,990 
square  miles,  to  be  taken  up,  five  of  which  are  now  in  hand. 

In  addition  to  tliis,  the  newly  acquired  territory  of  tlie  Pun- 
jaub  and  Cis  and  Trans-Sutledge  States  have  come  under  the 


•   tTKBETTLBD   DlOTEICTS   STJBVETED. 

Settlbd  DiarEiCTS  Sckteyed. 

I.  FaneepuL 

55.  Purneah. 

2.  Hurrianah. 

24.  Humeerpore. 

48.  Uidgelee. 

56.  Tirhoot. 

3.  Delhi. 

25.  Banda. 

49.  Hooghly. 

57.  Maldah. 

4.  Bohtuck. 

26.  AUahabftd. 

50.  Sbahabad. 

5.  Goorgaon. 

27.  Goruokpore, 

51.  Sarun. 

S».  24-PergDn- 

28,  Azimghur. 

52.  Fatna. 

uaha. 

as.  Jtranpore. 

53.  Mongbyr. 



gur. 

30.  Miriapore. 

54.  Behar. 

59.  Total  Surveyed. 

8.Heerut. 

31.  Benares. 



9.  Booliindshu- 

82.  Gbaz^epore. 

DiSTBlCTB 

[TNDBa  Sbhvet. 

hur. 

33.  Jolun. 

l.Bajshye. 

S.    Goalparra. 

10.  Allyghur. 

34.  Dehra  Dooo. 

2.  Beerbhoom. 



Il.Bijnonr. 

35.  Bhuttiuiah. 

3.Banuet. 

S.    Total. 

36.  Sohagpoor. 

4.  Mymenaing. 

13.Bud«>n. 

37.  Bamghnr. 



U.  Bareilly. 

38.  Ajroere. 

DlHTRICrS 

FOB   SUBVKT, 

15.  Phillibeet. 

39.  Mairwbarra. 

1.  Nuddea. 

10.  Dacca. 

Total,  N.  W..F. 

2 

JeMore. 

11.  DaocaJellalpore 

pore. 

40.  Pooree. 

3 

Bardwan. 

la.  Bockei^nge. 

IT.  Muttrit. 

41.  Cnttack. 

4 

13.  Sylhet. 

IS.  Agra. 

42.  Balaaore. 

5 

14.  Tipperoh. 

19.  Furruokabad. 

43.  Caehar. 

6 

20.  Mynpooree. 

44.  Jynteah. 

7 

Bogr-^ 



SI.  ECawah. 

45.  Chittagong. 

8 

15.    Total. 

aa.  Cftwnpore. 

45.  ABSam. 

9 

Pubna. 
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Revenue  operations,    and  afford  a  fine  field  of  employment 
for  the  department. 

The  total  area  of  the  British  possessions  in  India,  inclading 
Scinde,  Fanjaub,  Jullundhur  Dooab  and 
for  Surve^  ""  ^^  Tenasserim,  has  been  carefully  estimated 
at  800,756  square  miles,  and  the  Native 
States  at  508,442  square  miles,  making  a  grand  total  of 
1,309,200  square  miles,  as  the  area  of  British  India.  This  vast 
superficial  extent  of  territory  is  confined  within  a  length  of 
11,260  miles  of  external  boundary.  The  inland  frontier  from 
Tenasserim  round  by  the  Himalayan  range  of  mountains  to 
Cape  Monze  in  Scinde,  is  4,680  miles,  whilst  the  coast  line 
from  Singapore  round  the  Bay  of  Bengal,  up  the  Malabar 
Coast  to  Kurrachee,  is  6,580  miles.  Of  the  Native  States, 
about  200,000  square  miles  are  already  surveyed,  leaving 
about  308,442  almost  all  wild  hilly  jungle  and  of  little  value, 
to  be  taken  up."  The  proper  mode  of  filling  up  these  exten- 
sive tracts  of  country,  which  are  not  likely  to  come  under  the 
operations  of  the  Revenue  Survey,  (supposing  the  latter  to  be 
confined  to  our  own,  or  the  Regulation  Provinces)  will  be  by 
minor  Triangulation  and  the  Plane  Table.  The  ^  inch  or 
2  miles  =  1  inch  scale,  will  perhaps  be  the  most  suitable  for 

*  Of  the  Native  States  eoine  of  the  following  are  the  most  conspicuous. 


Eaiimaled  Area.      Sq.  MiUt. 

Oude,  (Lneknow,)   23,738 

Mysore, 30,886 

Hydrabad,  (Niism'H,) 95,337 

Jodhpoor, 36,672 

Gwotior, 33,119 

Bhawulpoar, 30,003 

Oolab  Singh,    25,123 

Berar,  (Nagpore.)    76,432 

Jeypore,  &c 15,251 

Bickaneer 17,676 

JeyBulmaer 12,aS2 

BtuvdaandKattyawar,  3i,249 

Jhansee,    15,570 


Estimated  Area.     Sq.  Miles.  ' 

Bhopal, 6,764 

Eewah 9,837 

Protected      Seikh    and! 

Hill-Stales ...  J 

Oudeypore,  11,614 

Sattara, 9,061 

Kolapore, 3,445 

Cutch 6,764 

Kotah,    4,339 

Indore,  4,467 

Travancore 4,722 

Ulwur,  3,573 

Bhartpore 1,978 
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the  natare  of  most  of  these  countries,  of  which  on  account  of 
their  connection  with  us,  the  liability  to  lapse  to  the  Para- 
mount Power,  and  likelihood  of  becoming  the  scenes  of  Mili- 
tary movements,  we  require  to  have  a  good  general  survey. 
For  topographical  work,  in  filling  in  triangiilation  with  the 
Plane  Table,  one  man  ought  to  be  able  to  aitrvey  16  square 
miles  per  diem,  viz.,  4  miles  by  4  miles  —on  the  i  inch  or 
4  miles  to  1  inch-scale,  or  per  season  of  6  months'  duration 
about  2,500  square  miles.  For  the  J  inch  or  2  miles  =  1  inch 
scale,  only  4  square  miles  per  diem  can  be  eiiecuted,  or  about 
600  square  miles  per  season,  and  so  on  inversely  as  tlie  squares 
of  the  scales. 

Of  the  area  abovementioned,  the  countries  lately  lapsed  to 
the  British,  and  which  may  now  be  seen  within  the  red  color 
on  the  published  maps,  have  been  included.  The  Jullnndhur 
Dooab  witli  the  Kohistan,  is  about  16,400  square  miles,  and  the 
Protected  Seikh  and  Hill  States  15,187  square  miles,  the  Pun- 
jaub  proper  may  be  sud  to  be  78,000  square  miles  more,  and 
these  provinces  are  now  gradually  coming  under  the  Revenue 
operations.  Indeed  20,000  square  miles  of  the  Cis  and  Trans- 
Sutledge  States  have  actually  been  completed.  The  province 
of  the  khig  of  Oude  may  likewise  lapse  some  of  these  days — 
its  area  is  23,738  square  miles.  The  Gwalior  territory  com- 
prises 33,119  square  miles,  and  the  Saugor  and  Nerbudda 
33,775  square  miles. 

As  a  sample  of  the  progress  now  made  by  the  combined 

efforts  of  the  Officers  employed  on  this 
Avemge  Cost.  i       n  t    i- 

Side  of  India,  and  the  cost  at  which  the 

work  is  performed,  the  following  analysis  of  the  general  average 
rates  per  square  mile,  with  the  total  area  completed,  is  given 
for  the  North-Western  Provinces  from  the  year  1833,  and  for 
Bengal  from  the  year  1838,  the  first  commencement  of  opera- 
tions down  to  the  present  time.  The  average  for  the  North- 
Western  Provinces  in  the  12  seasons'  work,  amounts  to 
Rs.  16-8-8  per  square  mile,  and  for  Bengal  it  is  in  a  similar 
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period  Rs.  20-14-10  per  sqaare  mile,  whilst  the  genend  average 
on  the  whole  area  executed,  is  only  Ea.  18-6-8  per  square  mile. 
In  the  two  seasons  of  1847-48  and  1848-49,  upwards  of 
16,000  square  miles  of  country  appear  to  have  teen  surveyed 
by  the  united  exertions  of  eight  different  parties  in  the  two 
provinces. 
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It  appears,  that  as  the  surveys  advance,  it  tends  to  dimioish 
thq  cost  per  mile  in  each  succeeding  year,  caused  by  the 
facility  acquired  by  the  well  trained  eEtablishments,  and  the 
very  efficient  mode  of  working  them  exercised  by  the  Super- 
intending Officers.  The  expense  of  a  Revenue  Survey,  how- 
ever, is  much  influenced  by  local  pecuharities,  and  even  allow- 
ing for  the  difference  amongst  Surveyors,  some  being  more 
skilful,  active,  and  capable  than  others  under  precisely  the 
same  circumstances  of  doing  more  work,  it  often  happens  that 
the  utmost  endeavours  of  the  most  energetic  Officers  will  not 
produce  so  low  a  mileage  cost,  as  others  who  have  more 
favored  ground  to  go  over.  In  the  circuit  system  work  of  the 
Revenue  Surveys,  the  size  of  the  villages  is  the  grand  secret,  if 
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the  average  size  is  large,  above  a  square  milej  as  in  the  North- 
Western  Provinces,  a  good  outturn  may  be  expected,  and 
consequently  a  reduced  cost,  but  in  Bengal  where  the  villages 
do  not  average  above  half  a  square  mile,  it  is  impossible  to 
compete  with  the  extraordinary  cheapness,  which  some  of 
tlie  old  Surveyors  attained,  neither  indeed  is  such  a  thing 
desirable  with  reference  to  the  accuracy  demanded  in  the 
present  day.  If  3,000  square  miles  and  upwards  is  given  in 
by  a  single  Surveyor,  the  results  mnst  partake  of  that  ha^te 
with  which  the  country  is  got  over  and  eventually  prove  of  an 
inferior  order. 

A  survey  establishment  is  always  proportionally  more 
expensive,  the  less  complete  it  is;  the  chief  expense  being  the 
salary  of  the  Surveyor  and  the  European  Assistants.  It  should 
therefore  be  kept  up  in  as  effective  a  state  as  possible  with  a 
view  of  taming  it  to  the  best  account,  and  by  a  proper  division 
of  labor,  as  economical  a  survey  may  be  obtained  as  local 
circumstances  will  permit  At  the  average  rate  of  progress 
already  made  in  the  Bengal  Provinces,  it  may  fairly  be 
anticipated,  that  what  remains  to  be  done  will  not  occupy  a 
longer  period  than  ten  years  more,  when  in  addition  to  a  good 
Topographical  Survey  we  shall  have  a  complete  and  detail 
record  of  every  estate  paying  revenue  to  Government,  and  at 
the  present  average  rates  the  cost  may  be  calculated  at  about 
Hi  laca  of  Rupees,  which  added  to  IS^Iacs  already  expended, 
will  make  27  lacs  as  the  entire  expense  for  Bengal,  Behar, 
and  Orissa. 
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ON  THE  KHTJSRAH, 

Or  Native  Field  Measurement. 


CHAPTER  I. 

The  chief  object  of  the  Revenue  Survey  in  India,  is  eitlier 
the  formation  of  a  new  aett]enient  with  the 
Remarks.  Zemindars  and  other  petty  landowners  and 

tenants,  or,  where  the  provinces  are  perpetu- 
ally settled  under  Lord  Cornwallis'  Act  of  1790  as  in  Bengal 
and  Behar,  the  definement  of  every  estate  on  the  Collector's 
Rent  Roll,  and  to  determine  the  relation  of  land  to  jumma,  by 
the  ascertainment  of  the  areas  and  boundaries  of  estatss  and 
mehals. 

In  very  many  instances,  these  estates  are  so  small  or  so 
scattered  and  intermixed,  that  the  Professional  or  Scientific 
Survey  is  unable,  on  account  of  the  enormous  expenditure  it 
would  involve,  to  define  such  minute  parcels  of  land.  For  the 
general  purposes  aUo  of  the  current  revenue  business  of  the 
district,  a  record  in  the  vernacular  language  is  essential,  and 
without  which  the  people  would  be  kept  in  ignorance  of  the 
result  of  the  investigations  pursued. 

For  this  purpose,  therefore,  it  is  necessary  for  the  Surveyor, 
in  addition  to  his  own  scientific  operations,  to  carry  on  a 
Khusrah  or  statement  of  measurement  of  land,  according  to  the 
native  system,  known  and  appreciated  by  the  inhabitants  of  the 
district,  and  performed  by  natives,  who  are  well  acquainted 
with  the  nature  of  the  tenures,  the  general  capabilities  of  the 
soil,  and  the  cnrrent  dialect  language. 
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Such  a  measurement  of  theNorth-WestemProvinces  has  been 
entirely  completed,  and  k  settlement  of  the  land  tax:  concluded, 
but  in  the  Lower  Provinces,  the  records  in  the  Revenue 
Collectors'  Offices,  and  upon  which  the  whole  fiscal  and 
judicial  business  is  conducted,  actually  shew  nothing  more 
than  the  mere  name  of  the  estate  and  the  amount  of  land-tax 
(jumma)  paid  by  the  proprietor,  and  even  this  is  frequently 
obscure  and  undefined,  whilst  the  villages  and  portions  of 
villages  of  which  it  consists,  scattered  perhaps  in  different  parts 
of  a  Pergunnah  are  known  only  to  the  proprietor,  or  his 
agent  The  chances,  therefore,  of  an  auction  purchaser 
obt^ning  uncontested  possession  of  an  estate  are  very  remote, 
and  in  many  cases  where  Government  have  become  purchasers, 
the  authorities  have  been  unable  to  trace  the  lands  composing 
the  estate;  or  else,  what  they  have  been  successful  in  finding, 
has  been  insufficient  to  meet  tlie  jumma-  assessed.  The 
absence  of  all  authentic  data  regarding  their  districts,  having 
long  been  severely  felt  by  the  local  civil  authorities,  the 
Revenue  Survey  has  been  ordered  to  extend  its  operations 
over  the  whole  of  the  Regjilation  DistrictB  of  Bengal,  and 
we  propose  to  treat  of  the  method  of  conducting  an  efficient 
Khusrah  measurement  and  to  explain  the  difference  necessary 
to  be  observed  in  Unsettled  Districts  where  the  assessment 
follows  in  the  train  of  the  survey,  and  in  the  perpetually 
Settled  Provinces,  where  no  settlement  is  intended,  but  for 
which  a  faithful  record  of  estates  paying  revenue  to  Govern- 
ment is  so  much  needed. 

It  must  first  be  understood  that  the  "  Khusrah"  is  a  distinct 
operation  altogether  from  tlie  Professional  Survey ;  the  latter 
is  performed  on  scientific  principles,  with  first-rate  instruments 
and  by  experienced  Europeans  and  East  Indians,  aided  also  by 
natives  trained  and  educated  for  the  purpose;  the  former,  on 
the  contrary,  appears  to  be  conducted  by  the  rudest  methods, 
and  by  an  inferior,  though  intelligent  class  of  natives,  the 
only  instrument  used  being  a  rope,  rod  or  chain  according  to 
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the  primeval  castom  of  the  district  With  no  compass,  or 
any  thing,  but  hia  rope  to  guide  bim,  the  native  Ameen  is 
expected  to  measure  a  village,  tlie  total  area  of  which  most  agree 
with  the  area  defined  by  the  Professional  Survey  within  a  cer- 
tain percentage,  and  to  deduce  the  intermediate  detail  areas  of 
every  species  of  "  land  under  cultivation,"  "thrown  out  of  cultiva- 
tion" that  which  is  "Jit  for  cultivation"  "  waste  or  jungle^* "  sites 
of  villages  and  gardens^  "  topes  of  trees,"  &c.,  the  separate 
contents  of  which  shall,  in  the  aggregate,  make  up  the  correct 
total  area  of  the  village,  to  form  the  basis  of  the  Revenue 
Assessment  of  the  Mouza  ox  village. 

As  a  general  rule  the  term  "  Measurement  is  always  applied 
to  the  Khusrah  proceedings,  while  that  of  "  Survey"  more 
properly  belongs  to  the  scientific  portion  of  the  operations. 

As  a  preliminary  and  most  important  part  of  Survey  Ope- 
rations, the  accurate  demarcation  of  bounda- 
ofB^^^ir  "®^'  ^^  setUement  of  disputes,  is  cairiod  on 
by  a  distinct  establishment  specially  appointed 
for  the  purpose,  and  although  this  duty  is  not  actually  in  the 
province  of  the  Surveyor,  forming  as  it  does  a  judicial  proceed- 
ing, still  the  working  of  the  system  and  its  connection  with 
the  survey,  should  be  fully  understood,  its  notice  here  there- 
fore will  not  be  out  of  place.  A  Covenanted  Civil  Officer 
vested  with  the  powers  of  a  full  Collector,  having  a  very  efScient 
establishment  under  him,  consisting  of  Uncovenanted  Deputy 
Collectors,  Peshkars,  and  Ameens,  of  the  strength  noted  in  the 

margin,  precedes  the  survey, 

Tor  la  MotTTHg.  .  .                        ,           . 

2mco™n»tedDeputy>B^  3  g^,^  1°    «'«''    »   way,    that    the 

Collectors,  at 400,...)     '  '  Surveyor  may  always   find 

4  Peshkara,  at  40 1,920  ,.,,,. 

12  PeadahB,  at  3,     492  adjusted     boundaries,     and 

Foe  6  Months.  ,  ^^  ^^^          ^  y.         j^.^ 

40  Ameens,    at    17    Rs.)  .  .-n  .               »  ..            ,         ™ 

e»ch,_. i  "  ■*'°^"  parties  m  full  work.     The 

'"^ chief  object  of  this  Offic&ris 

Per  Annum.  ^»^^6£48      j^  y.^^^  ^  ^^n  ^   advance, 

that  no  hindrance  whatever 
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may  occur  to  the  Surveyor,  he  has  to  furnish  a  sketch  map  of 
the  boundary  of  every  village  demarcated,  exhibiting  the 
points  at  which  mud  pillars  (or  Th&ks)  or  other  marks  have 
been  erected  at  certain  measured  distances,  generally  about 
200  to  300  feet  apart,  together  with  a  file  or  mUl,  explain- 
ing the  position  of  these  marks  and  the  names  of  adjoin- 
ing villages.  At  every  principal  angle  or  bend  of  the  boundary 
a  mud  pillar  (or  Dhue)  such  as  is  seen  in  Plate  No.  V.,  is  erected 
and  at  all  triplejonction  points  those  distinguishing  marks  are 
found,  about  5  feet  high,  and  at  the  intervening  distances 
smaller  marks,  bamboos,  sticks,  or  smaller  mud  pillars  suffice. 
'.An  acknowledgment  (suppoordnameh  )  from  the  several  parties 
Iconcenied  as  to  the  accuracy  of  the  boundary  laid  down,  and 
for  the  preservation  of  the  marks  pending  the  survey — and  a 
Toodad  explaining  any  peculiarities  in  the  village — the  nature 
and  names  of  the  included  mehals  or  estates,  and  whether 
there  are  any  other  lands  belonging  to  the  village,  detached 
in  other  parts  of  the  perguanah ;  or  if  it  contains  interlaced 
lands  belonging  to  other  villages — together  with  remarks  as 
to  the  prospering  condition  of  the  village,  or  otherwise,  the 
estimated  proportion  of  cultivation  to  waste,  and  so  on — are 
included  in  the  file. 

As  soon  as  the  Pergonnah  is  completed  a  correct  list  of 
villages  is  made  out,  together  with  a  general  rough  sketch  or 
moymilUe  map,  exhibiting  every  village  circuit  in  its  proper 
relative  position.  These  documents  are  forwarded  for  the  use 
and  guidance  of  the  Surveyor,  and  without  which  it  would  be 
difScult  for  him  to  proceed.  So  much  importance  is  placed 
on  the  due  performance  of  this  duty,  that  Surveyors  are 
positively  interdicted  from  surveying  any  boundary,  unless 
they  are  in  actual  possession  of  the  demarcation  papers. 

They  are  thus  entirely  dependant  on  the  proceedings  of  the 

Settlement  OflBcer  for  a  feir  field  to  labor  in.    When  the  marks 

are  erected  in  the  field  they  are  frequently  destroyed,  both  by 

the  elements  and  by  the  village   people,   without  therefore 

4  B 
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the  sketch  map  to  gaide  him,  the  asBistant  employed  od  the 
boDDdftry  anirvej  ia  liable  to  take  up  a  wrong  boundary.  Iq 
some  instances,  great  confusion  has  arisen  and  revision  become 
necessary,  from  the  absence  or  inaccuracy  of  these  documents, 
the  village  ThaHnitt  map  therefore  is  required  for  constant 
reference  and  is  placed  in  the  hands  of  the  European  Assis- 
tant, who  nndertakes  the  Professional  Surrey.  A  specimen 
of  this  map  is  given  in  Plate  XIIL,  and  it  may  be  obs^red 
that  the  outline  boundary  should  be  sufficiently  approximate 
to  the  map  by  actual  survey,  as  to  admit  of  easy  comparison, 
and  the  professional  map  of  every  village  must  actually  assi- 
milate with  this  Thakbust  before  it  can  be  passed,  a  state- 
ment to  this  effect  being  appended  to  every  toap  by  the 
Surveyor.  In  some  districts,  however,  the  maps  are  not  so 
good,  the  bends  and  turns  in  the  boundary  being  sketched 
in,  without  reference  to  their  actual  length  by  measurement,  and 
which  frequently  distorts  the  shape  of  the  circuit  very  consider- 
ably, rendering  a  comparison  with  the  true  surveyed  boundary 
impracticable.  To  obviate  this,  a  scale  has  been  introduced, 
and  even  a  compass  put  into  the  Thakbust  Ameen's  hands, 
with  which  he  goes  round  the  circuit,  taking  a  bearing  for 
every  bend,  and  laying  the  same  down  on  his  map  by  the  aid 
of  a  paper  protractor.  This  system  is  now  generally  intro- 
duced in  Ijower  Bengal  where  the  intricacies  of  the  bounda- 
ries, and  the  insubordinate  conduct  of  both  landowners 
and  ameens  rendered  it  more  than  advisable  to  adopt  some 
further  check  on  the  demarcation  operalions,  to  prevent  if 
possible  the  system  of  guess  work,  so  frequently  resorted  to  by 
the  latter  class  of  persons. 

The  nature  of  the  village  boundaries  in  Bengal  is  such, 
that  it  is  feared  even  the  present  complete .  and  expensive 
operations  are  insufficient  to  enable  entire  confidence  to 
be  placed  in  the  maps;  without  any  natural  boundaries 
or  permanent  landmarks,  there  is  no  method  by  which 
the  lines  and  bends  represented  on   the  maps  and  called 
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boundaries,  can  bo  proved  mathematically,  and  until  a 
more  stringent  law  is  enacted,  to  make  the  investigations 
now  carried  on,  permanent  and  unalterable,  even  in  the 
Civil  Courts,  the  zemindars  will  oppose  and  obstruct,  and 
be  perfectly  indifferent  to  the  recorded  boundary  of  their 
villages,  knowing  that  the  question  of  their  righu  of  pro- 
perty, is  not  effected  by  the  investigations  under  Regulation 
VII.  of  1822,  by  Uncovenanted  Deputy  Collectors,  or  even 
by  the  Settlement  Officer  who  exercises  the  powers  of  a 
Collector. 

It  is  very  evident  that  with  such  precautions,  and  with 
such  labor  and  expense,  if  village  boundaries,  obtained  by 
three  distinct  investigations,  compared  and  found  critically 
to  coincide  one  with  the  other,  and  all  disputes  carefully  settled 
and  decided  as  well  as  attested  by  surrounding  zemindars, 
are  afterwards  to  be  impugned,  and  on  subsequent  com- 
plaint in  the  Civil  Courts  are  found  to  be  at  variance  with 
the  absolute  limits  of  the  estate  as  then  pointed  out,  then 
no  blame  can  be  attached  to  any  one,  but  the  zemindars 
themselves,  combimng  together  fraudulently  to  mislead,  or 
else,  carelessly  indifferent  or  ignorant  of  that  which  the 
Government  takes  such  pains  to  ascertain.  By  making 
the  proprietors  of  the  soil  fully  alive  to  the  final  importance 
of  the  survey  operations  as  regards  their  rights,  this  evil  can 
alone  be  remedied.  The  result  of  the  survey  in  Bengal 
may  then  prove  of  equal  value  to  the  Government  as 
it  now  does  in  the  North-Westem  Provinces.  In  every 
local  Court,  the  survey  records  are  there  appealed  and 
referred  to,  with  confidence,  to  the  unbounded  advantage 
of  every  department  of  public  business,  and  the  ease  and 
relief  of  every  official 

The  present  extent  of  survey  establishments,  and  the 
rapid  and  efficient  manner  in  which  they  have  been  brought 
to  carry  on  their  operations,  renders  it  imperative  on  the 
Revenue  Officer  to  be  at  least  one  season  in  advance  with 
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tlie  demarcations.  Without  this,  the  Surveyor  could  not  take 
the  field  in  December  with  any  chance  of  finding  uninterrnpt- 
ed  work,  and  unless  tlie  demarcations  are  well  in  advance,  the 
operations  become  a.  mere  clog  on  the  Surveyor,  adding  great- 
ly to  the  expense  of  the  survey,  aiid  rendering  nugatory  also 
the  heavy  expense  of  the  revenue  investigations.  It  will  also 
be  apparent  that  the  utmost  necessity  exists  for  all  the  dig- 
puted  cases  to  be  properly  adjusted  and  settled  prior  to  survey, 
without  this  sine  qua  non,  double  measurements  must  be  resort- 
ed to,  and  the  records  of  the  survey  not  only  delayed  but 
thrown  into  confusion. 

The  Fergunnahs  demarcated  one  season,  may  occasionally 
require  to  have  their  Th&ks  or  marks,  which  have  been  washed 
or  blown  away  during  the  intervening  rainy  season,  re-erected : 
for  this  purpose,  merely  a  few  Ameens  sent  round  again  early 
in  October  or  November,  are  sufficient  to  induce  the  village 
authorities  to  replace  the  marks  according  to  the  investigations 
previously  conducted,  and  thus  Surveyors  are  atuply  provided 
for  starting  their  work  at  the  commencement  of  each  Field 
season. 

The  "  Khusrah"  as  well  as  the  ProfessioDal  Survey  is  done 
mouzawar,  or  village  by  village.  In  Unsettled 
i  by  Khusrah 


ft^Tin^'"*"'^  every  village  and  carefully  to  investigate  into  all 
the  details  of  the  qualities  of  the  soil,  nature  of  the 
crops  and  every  other  description  of  information  tending  to 
facilitate  the  assessment  with  every  individual  proprietor,  and 
at  the  same  time  to  preserve  the  rights  of  their  subordinate  ryuts 
or  cultivators  of  the  soil,  by  recording  their  separate  fields, 
and  the  terms  on  which  they  hold  them  from  the  zemindar, 
and  to  render  the  duties  of  the  Ckillector  of  Revenue,  as 
plain  and  distinct  as  possible. 

In  Settled  districts,  the  areas  and  boandaries  of  mehals  being 
all  that  is  required,  the  Professional  Survey  is  able  of  itself  to 
ascertain  this,  when  an  estate  consists  of  one  or  more  integral 
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and  compact  villages — and  no  Rhasrah  is  therefore  necessary. 
But  where  the  villages  contain  such  an  intermixture  of  property 
that  the  Profesaional  Survey  is  unable  to  define  itj  then  the 
native  field  measurement  or  Khusrah  is  essential  to  supply  the 
deficiency.  By  these  means  the  scattered  lands  of  every  mehal 
or  village,  however  intricate,  are  brought  together,  and  the 
aggregate  areas  thus  obtained,  are  recorded  on  the  plans  of 
the  Professional  Survey.  The  Khusrah  measurement  there- 
fore is  only  resorted  to,  when  the  division  and  intermixture  of 
property  is  so  minute  and  intricate,  that  the  details  cannot  be 
professionally  surveyed,  except  at  a  most  disproportionate  and 
unwarrantable  expense.  Where  there  may  be  only  one  or 
two  parcels  of  intermixed  lands  in  a  village,  of  course  the  whole 
village  should  not  be  measured  by  Khusrah  on  that  account, 
these  parcels  may  easily  be  shewn  by  the  Professional  Survey, 
but  where  estates  are  held  ijmaUee,  or  in  sliarea,  and  the 
lands  are  divided  field  \iy  tiB\A,- Khet-but  {m  Eehar  phraseo- 
logy,) or  Petulgolah  (as  it  is  termed  in  Bengal)  the  Khusrah, 
properly  attested  by  the  parties,  is  the  only  satisfactory,  if  not 
the  only  attainable,  record  of  the  state  of  the  property.  In 
Settled  provinces  therefore  only  a  small  moiety  of  the  villages 
come  Tmder  the  Khusrah  operations,  generally  not  more  than 
about  15  per  cent,  on  the  entire  area,  and  as  the  nature  of  the 
soil  and  crops  is  a  point  of  secondary  importance,  the  labors 
and  anxieties  of  the  Surveyor  are  greatly  diminished  and  a 
vast  saving  of  expense  also  effected. 
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CHAPTER  II. 


Ok  the,  mode  op  pbosecdtinq  the  Khubrah. 

The  nnmber  of  villages  requiring  this  procBss  being  ascer- 
tained Irom  the  lists  furnished  by  the  Demarcation  Officers, 
the  Sorreyor  at  the  commencement  of  the  season  appoints  as 
many  Ameens  as  he  calcnlates  will  be  able  to  keep  pace  with  the 
professional  work,  (a  very  important  point)  and  in  moat  of  tlie 
surveys  of  late  years  from  100  to  200  qualified  men  have 
been  employed  annually.  The  correct  boundary  of  the 
village  having  been  demarcated  as  before  explained,  the 
Ameen  is  deputed  with  suitable  Perwannahs,  (written  orders 
or  summonsee)  and  copies  of  the  Thakbast  papers  for  his 
^lidance;  he  proceeds  at  once  to  acquaint  himself  with  the 
names  of  the  chief  Proprietors,  Farmers  and  Gomastas,  (or 
agents)  and  speedily  enters  into  arrangements  with  them,  for 
commencing  the  measurement  of  their  fields,  and  demands  the 
records  of  any  former  measurement  which  may  be  in  exis- 
tence, to  assist  him  in  his  investigations,  and  to  enable  him  to 
have  some  clue  as  to  the  rights  of  property  in  the  village. 
All  preliminaries  being  settled,  which  takes  a  considerable 
time  to  effect  with  recusant  and  onwilling  landowners  on 
the  one  side,  and  exacting  Ameens  on  the  other,  the  Ameen 
commences  to  measure  each  field  or  plot  of  ground  with 
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the   linear   measure   in   general  use    in    the   Pergunnah   or 
District,  most  commonly  a  rope  of  raw  hemp,  or   a  short 
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bamboo  held  in  the  centre,  and  thrown  down  touching  the 
groond  at  either  end.  Every  field  is  thu3  measured  in  the 
form  of  a  parallelogram  hj  simply  taking  the  length  and 
breadth,  (or  the  mean  of  several  measurements  where  the 
sides  are  nneqnal,)  the  position  with  reference  to  the  adjoin- 
ing fields  being  also  carefully  recorded.  The  measurements, 
whatever  tbey  may  be,  are  called  out  loudly,  for  the  informa- 
tion of  attending  witnesses,  and  of  the  rojo-nuveet,  or  village 
writer,  who  follows  the  Ameen,  and  takes  a  verbatim  copy, 
for  the  satisfaction  of  the  proprietors,  and  as  a  check  agiunst 
the  Government  functionary. 

The  field  measurements  are  entered  in  a  Tabular  form  of 

the  description  shewn  in  the  preceding  page, 
I  land  differing  in 

quality,  or  coming  under  the  various  denomina- 
tions of  settlements,  whether  lakhetaj,  (rent-free,)  &c,  are 
recorded  separately,  each  field  being  distinctly  noted  as  lying 
to  the  North,  E^t,  South,  or  West  of  the  preceding  one,  and 
distinguished  by  the  name  of  the  jotedar  (or  cultivator)  as  well 
as  proprietor,  together  with  such  other  natural  landmarks  as 
may  exist 

At  the  same  time  with  the  entry  of  these  particulars,  the 
measuring  Ameen  constructs  a  rough  eye-sketch  (or  shujreh)  of 
the  relative  positions  of  all  the  fields,  numbered  to  correspond 
with  the  Register  or  Field-book — and  which  therefore  forms  a, 
complete  index  to  this  document  This  map  is  merely  traced 
by  the  hand,  without  scale,  rule  or  compass— bat  by  constant 
practice  and  a  naturally  quick  eye,  the  Ameen  is  able  to  put 
each  day's  work  together,  so  that  when  the  whole  village  is 
completed,  the  exterior  outline  or  contour  of  the  boundary, 
bears  a  sufficient  resemblance  to  the  professional  map,  as  to 
admit  of  easy  comparison,  and  considering  the  means  employed, 
and  the  large  number  of  fields  so  put  together,  averaging 
from  1,000  to  1,500 — ^it  is  only  to  be  wondered  at,  that  such 
accurate  and  useful  results  are  arrived  at.     Plate  XIV.  is  a 
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Spetmun   of  Nhturah  Fidd  Map, 
or   Sfuyreh 

^mvzah  Mosdtrunwohhrah 
Fitrg^  Munfhee   ZiUah  Sarun. 
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specimen  of  an  actual  measurement  prepared  in  the  way 
described  in  the  Sarun  District  This  map  and  register 
affords  information  to  the  most  minute  details,  as  to  the  posi- 
tion, size,  and  condition  of  fields,  the  roads,  watercourses, 
nullahs,  &c,  within  the  limits  of  the  village,  forming  a  com- 
plete foundation  for  the  abstract  of  estates  (or  khatteeaiooonee) 
required  for  the  purposes  of  assessment,  or  the  Mehalwar  Re- 
gister, where  no  fresh  settlement  is  needed.  It  must  here  be 
remarked  that  the  fields  recognised  and  adopted  on  tliis  side 
of  India,  are  not  arbitrary  squares  and  parallelograms  formed 
and  moulded  at  the  time  of  measurement,  for  the  express 
convenience  of  the  Surveyors  or  revenue  operations,  but  bond 
Jide  the  small  and  intricate  plots  of  land  pointed  oat  by  the 
people  of  the  soil  according  to  their  own  divisions  and  sub- 
divisions, and  consistent  with  immemorial  right  and  usage. 
They  manage  these  things  differently  at  Bombay  as  will  be 
seen  from  a  pamphlet  lately  published  quoted  below."  Al- 
though there  are  some  points  connected  with  their  mode  of 
conducting  the  Khnsrah,  especially  as  regards  tlie  permanent 
fixture  of  the  boundaries,  and  the  completeness  and  sufficiency 
of  their  law  and  consequent  understanding  with  the  people, 
which  might  be  followed  with  advantage,  we  extract  three 
rules  which  would  appear  somewhat  at  variance  with  the  pre- 
conceived notions  on  this  side  of  India-f 

*  Vide  Official  Correspondenca  on  the  System  of  Beveiiua  Surrey  sod 
AsseBsment  in  the  Bombag  Preaidenc;.  Printed  by  order  of  the  GoTernment 
of  Bombay,  1850. 

f  Bole  I ,  Page  4.  "  The  QDmber  of  acres  for  eacli  deBcription  of  soil 
and  (mlture  capable  of  caltiration  by  a  single  pair  of  bitllocka  banng 
been  determined,  the  aiia  of  the  fields  should  be  bo  regulated  as  to. 
contain  from  this  to  douMe  Ihit  number  of  acres." 

Bole  7,  Page  21.  "  When  two  ryots  hold  a  field  and  one  of  them 
relinquishes  hia  ahare,  or  diea  without  heirs,  the  share  thus  lapsing  i« 
to  be  offered  in  the  first  instance  to  the  olher  sharer  before  it  is  offered 
to  any  other  party,  and  in  event  of  the  sud  sharer  decHning  it,  and, 
DO  other  party  applying  to  take  it  up,  the  former  nnitf  r^mqvish  hit 
Aare  Uo,  and  allow  the  whole  field  to  become  waste  1" 

4  c 
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The  ajatein  of  the  Revenue  Survey  at  Bombay  appears  veiy 
different  to  what  we  have  endeavonred  to  describe  in  these 
pages,  and  it  is  not  combined  with  a  Professional  Survey  for  the 
purposes  of  check  or  the  attainment  of  geographical  information. 
Our  space  will  not  permit  of  entering  fiirther  into  a  comparisoa 
of  the  mode  of  procedure  between  the  two  Presidencies,  and 
we  must  refer  the  reader  to  the  work  itself  for  further  informa- 
tion on  the  subject,  as  well  as  to  the  "  Directions  for  Settle- 
ment Officers  in  the  North- Western  Provinces,  published  in 
September  1844,"  in  which  very  full  and  valuable  details 
are  given  as  to  the  whole  process  of  both  Ehusrah  and 
Thakbnst* 

In  the  definement  of  so  many  Selda  within  a  small  area  of 
perhaps  400  to  500  acres  with  a  common  rope,  considerable 
error  must  be  caused;  in  Khusrab  measurements,  however,  it 
is  not  the  mere  error  of  bad  tools  and  bad  workmanship  that 
is  to  be  guarded  against,  but  the  most  renal  and  nefarious 
practices,  for  which  Ameens  are  notorious  in  all  parts  of 
India;  the  frauds  and  peculations  they  enter  into  with  the 
Zemindars  rec^uire  the  utmost  energy,  activity,  and  watch- 
fulness of  Superintending  Officers  to  keep  in  check.  The 
profession  of  a  Surveyor  is  always  onerous,  but  when  he  is 
invested  with  the  charge  of  the  Khusrah,  in  addition  to  hia 
scientiEc  operations,  his  duties  become  very  arduous  and  full 
of  anxiety,  for  without  the  most  incessant  check  and  control 

Bole  8,  Page  SI.  "  WheD  there  are  more  sharers  than  two  in  a 
field,  and  any  of  them  relinqniahea  a  share,  or  dies  without  heirs,  it 
shotild  be  o&red  as  above  to  the  sharers  in  the  first  instance,  be- 
ginning, in  event  of  their  failing  to  settle  the  matter  amongst  themselves, 
with  the  lai^est  sharer,  and  so  on  to  the  least.  If  none  of  these  nor 
anj  other  party  be  foond  to  take  np  the  relinqoished  share,  tte  wholt 
field  tmut  be  throicji  up  /" 

■  gee  also  "  TranslatioD  of  a  proceeding,  (or  complete  Misl)  regarding 
the  settlement  of  a  village  aocording  to  the  system  pursned  in  the  North- 
Western  Froiinces.  Published  nnder  the  authority  of  the  IJeutonant 
Governor  in  1847." 


jM,Cooglc 


587 

over  hia  Ameena,  scattered  through  perhaps  150  villages 
and  a  superficial  area  of  one  hundred  squc^re  miles,  be  never 
can  expect  the  measurement  to  proceed  systematically,  and 
satisfactory  for  the  purposes  of  the  civil  authorities,  or  free 
from  complaints  on  the  part  of  the  Zemindars. 

The  check  on  the  total  area  of  the  village,  as  soon  as  all 
the  fields  are  put  together,  and  the  totals 
of^^^'^'^^  in  the  Khusrah,  or  Field-books  added  up,  ia 
easily  made  by  a  comparison  with  the  profes- 
sional area.  The  two  operations  are  expected  to  coincide 
with  each  other  within  5  per  cent,  thongh  a  much  nearer 
approximation  is  most  commonly  made;  and  when  we  consider 
the  means  at  the  disposal  of  a  Native  Ameen,  it  is  a  matter  of 
astonishment  liow  such  a  restilt  is  produced.  Such  is  the 
nicety  with  which  experienced  men  can  bring  these  measure- 
ments, when  rigorously  watched  and  auperintended,  but  only 
when  kept  in  check  by  the  simultaneoua  procedure  of  the 
profesaional  survey,  that  thousands  of  villages  are  annually 
completed,  differing  from  the  true  areas  much  less  than  the 
maximum  allowance,  the  average  difference  frequently  be- 
ing reduced  to  oae  per  cent  on  the  total  area.  But  besides 
this  primary  test,  it  is  essential  to  examine  or  PurbiU  a  cer- 
t^n  per  centage  of  the  fields  to  ascertain  if  A  has  received 
more  than  his  proper  share,  or  B  less,  and  also  to  verify  the 
crops  or  quality  of  the  Boil,  in  which  lies  the  greater  chance 
of  the  Ameen  defrauding  Government  by  describing  land  as 
second  or  third  quality,  and  yielding  but  one  crop,  when  it  is ' 
ia  reality  first-rate,  and  producing  two  crops  annually,  and 
on  this  essential  investigation,  depends  the  amount  of  sudder 
jumma  (revenue)  likely  to  be  collected  where  an  assessment 
la  to  follow. 

For  the  detection  of  such  imposture  then,  Purtall  Ameens, 
on  auitable  salaries  of  15  to  20  rupees  per  mensem,  are 
appointed  to  go  to  the  village  after  the  Ameen  has  conclud- 
ed his  task,   and   re-measure  a  certain  number   of  fields  at 
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1 4  Fartall  Ameem  at  1 5  to  20  rapees. 
For  6  Hondit.     J  '^ 


random,  and  describing  the  true  prodace  and  capabilities  of 
the  soil.  It  is  sometimei  the  practice  to  measnre  a  line  right 
across  the  village  and  to  note  the  several  distinct  propertieB 
as  thej  fall  under,  or  intersect  this  line  of  measaremeut,  and 
by  this  method  a  larger  number  of  fields  are  checked  than 
could  otherwise  he  done.  The  Khnsrah  is  likewise  subjected 
to  the  personal  supervision  in  the  field  of  the  Surreyor  and  his 
European  Assistants,  and  to  examination  and  check  as  to  the 
accnracj  of  the  figures  in  the  offices.  The  establishment  gene- 
rally sanctioned  for  this  purpose  is  as  follows : 

{1  Head  Moonshee  at  20  to  30  rupees. 
1  Naib  ditto  at  15. 
1  Mohurrer  at  10. 

\  8  Peadahs  or  Measurers  at  3, 
or  one  Furtall  Ameen  to  25  Measuring  Ameena,  and  with  such 
assistance  the  Khusrah  operations  ought  to  proceed  systemati- 
cally and  well.  Each  European  Assistant  and  Sub-Assistant 
Surveyor  performs  this  field  Imtekan,  or  supervision  of  a 
certain  per  centage  of  the  villages  within  his  division, 
rendering  a  report  of  the  results,  to  the  Revenue  Sur- 
veyor after  the  fallowing  form,  and  this  Purtall  is  filed 
with  the  mial. 

If,  on  a  comparison  of  the  Ameen'a  measurement  with  the 
professional  area,  or  the  Purtall,  discrepancies  are  detected,  the 
offender  may  be  summarily  pmiished  by  fine,  or  in  a  case  of 
fraud  against  Government  the  case  if  made  over  to  the  Zillah 
Criminal  Court,  is  punishable  by  fine  to  the  extent  of  200 
rupees,  or  in  default  of  payment  to  imprisonment  for  a  period 
not  exceeding  six  months.  The  difficulty  of  keeping  a  large 
body  of  Ameens  in  order,  must  be  obvious,  stringent  discipline 
is  therefore  absolutely  necessary,  uid  a  single  case  made  over 
to  the  Magistrate,  invariably  instils  a  most  wholesome  awe  in 
the  rest  of  the  establishment,  and  the  effect  produced  is  most 
advantageous. 
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On  the  compleUon  of  the  measurement  of  a  village  the 

Khusrah  mitl,  or  chilla,  or  Field-book  as  before 

Bwotd.     how    described,  is  copied  out  fair,  and  the  total  area 

pngBdKiddi..   ^j,t3(j^[  „f  jj^5  jjj,  recorded  on  the 

Hy-Ieaf.     This  docnmenl.  together  with    the 
field  map,  is  signed  by  tl 
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objections  being  faWy  enquired  into,  on  representation  to  the 
Superintending  Officer.  After  passing  the  test  of  the  Portal], 
and  the  total  area  of  the  village  coinciding  within  the  allowed 
liauts  with  that  of  the  Professional  Survey,  the  field  map  is 
compared  with  the  Thakbust  as  well  as  the  professional  map, 
and  the  whole  file  then  made  over  to  the  Settlement  Officer,  duly 
signed  and  attested  on  every  leaf,  all  erasures  being  specially 
accounted  for.  If  a  settlement  follows,  a  further  enquiry  ia 
instituted  by  the  revenue  authorities  as  to  the  description  and 
quality  of  the  soil  end  crops.  The  kkatteeawoonee,  or  abstract 
of  the  number  of  fields  appertaining  to  each  estate,  is  then  made 
out,  and  this  forms  the  basis  on  which  the  assessment  is  levied 
or  the  Mehalwar  Register  is  constructed  in  English.  On  the 
latter  record  being  formed,  with  all  the  statistical  information 
aviulable  from  the  village  maps,  a  volume  for  each  pergannah 
is  finally  deposited  in  the  Collector's  office  for  the  benefit  of 
the  public  service.  The  vemacolar  files  and  Khusrah  maps 
are  deposited  in  a  similar  manner,  and  as  the  attainment  and 
preparation  of  these  documents  has  been  laborious  and  expen- 
sive, so  should  their  preservation  and  safe  custody  be  equally 
cared  for. 

Whatever  may  be  the  nature  of  the  Measuring  Ameen's 
record  of  the  soil,  or  produce.  Zemindars  have 

Objections  to    always  various  objections  to  offer  at  the  time  of 
Ameen's     pro-      ,      ,         ,,    ,  .  i    -      .    .  .  ■ 

ceedings.  sigrang  then-  agreements,  and  mvanably  press 

for  a  reduction  of  the  estimate  and  a  further 
investigation  on  tlie  part  of  the  Assessing  Officer.  The  point 
is  aa  important  one,  and  however  well  a  Surveyor  may 
watoh  over  his  Ameens,  it  is  almost  an  impossibility  to  pro- 
tect effectually  the  Government  interests  in  this  respect  In 
anticipation  of  a  new  assessment,  the  people  have  recourse  to 
all  sorts  of  stratagems,  lands  are  thrown  out  of  cultivation 
and  allowed  to  run  to  wasto,  and  vegetation  being  so  rapid 
in  India,  a  single  season  is  sufficient  to  prevent  a  ftur  identi- 
fication of  the  soil     Atneens  likewise  are  notoriooaly  venal, 
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and  an  understanding  is  soon  made  with  the  village  authori- 
ties,- who  are  in  the  habit  of  paying  a  certain  black  mail,  for 
every  beegah,  the  quality  of  which  is  underrated.  As  detec- 
tion,  however,  is  more  than  probable  the  promises  made  at 
the  time  of  measurement  are  not  always  carried  into  effect 
by  the  Ameen,  when  he  lodges  his  Khnsrah,  and  the  decep- 
tion is  not  discovered  by  the  Zemindar  until  the  time  of  sefr 
tiement  arrives,  and  then  he  enters  general  complaints  against 
the  measurement. 

The  duties  of  Ameens  are  extremely  irksome  and  labori- 
ous; perfectly  dependant  on  the  will  and  pleasure  of  Zemin- 
dars and  other  lazy  village  authorities,  for  the  prosecution 
of  their  daily  work,  and  for  which  they  are  paid  very  insuf- 
ficiently by  Government,  it  is  not  surprising  that  they  must 
live  by  other  means,  the  remuneration  therefore  comes  from 
the  people  of  the  soil.  Where  payment  is  made  by  contract, 
die  Ameen  must  be  compensated  for  the  delay  which  the 
Zemindar  deems  it  actually  necessary  to  his  dignity  to  ob- 
serve, and  until  several  petitions  have  been  made  against  him, 
be  does  not  dream  of  making  a  move  to  co-operate  with, 
or  assist  the  Ameen.  Such  a  system  is  much  to  be  re- 
gretted, but  no  endeavours,  on  the  part  of  a  Surveyor,  can 
remedy  it 

The  non-attendance  and  opposition  of  the  village  authori- 
ties, Gomasbtas,  and  people  generally,  and  the 
Obstruction    consequent  detriment  to   a  survey  is  a  most 
serious  eviL     Every  subterfuge  is  used  to  delay 
proceedings,  consequently  innumerable  complaints  are  made 
by  the  Ameena,  which  are  met  with  counter  charges  of  extor- 
tion and  corruption  on  the  part  of  land  owners,  the  investiga- 
tion of  such  cases  forming  a  very  pretty  item  in  the  day's 
labors  of  a  Superintending  Officer.     In  all  survey  and  mea- 
surement operations  the  very  vitality  and  entire  success  of  a 
good  season's  work  depends,  not  on  mere  compliance  only,  and 
a  tardy  attention  to  the  wants  of  the  party,  but  to  an  immediate 
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and  ready  ccHoperation  with  tbem.  The  demands  for  attend- 
ance fyhdatf,  when  the  survey  approaches  a  certain  spot,  are 
vidated  if  not  responded  to  for  a  week  or  fortnight,  hy  that 
time  the  advantage  is  lost,  and  most  likely  the  necessity  no 
longer  exists.  In  the  Professional  Survey  particalarly  this 
is  much  felt,  scientific  operations  cannot  stop,  espensive 
establishments  must  advance,  and  show  a  certain  amoont  of 
work  at  the  end  of  the  month,  and  by  the  time  a  village  autlio- 
rity  thinks  proper  to  do  the  very  little  that  is  asked  of  faim,  the 
survey  in  all  probability  ts  some  miles  in  advance.  For  this 
cause  an  Ameen  is  tied  down  to  a  single  village  the  greater 
part  of  the  season,  and  it  is  most  difficalt  to  estimate  the  pro- 
gress of  the  Khusrah,  or  to  calculate  on  having  tbe  whole  of 
the  villages  which  have  been  incladed  in  the  Professional, 
c<Hnpleted  by  the  Ameens. 
The  notice  of  the  authorities  and  of  the  Government  has 

constantly  been  drawn  to  this  sabject,  and  a 

Attendance  of    new  enactment    has  now  been    published, 

enforced.  which,  tliough  it  does  not  go  far  enough  for 

the  cure  of  the  evil,  still  supplies  a  partial 
remedy,  which  it  is  hoped  will  have  some  good  efiecL  Act 
Na  XX.  of  IS48,  "for  better  enforcing  the  attendance  of  pro- 
"  prietors  and  fsinners  of  land  before  Collectors  of  Land  Re- 
"  venue  in  the  Lower  Provinces  of  the  Bengal  Presidency," 
authorizes  the  infliction  of  a  daUy  fine,  not  exceeding  in  any 
case  50  rupees,  on  any  farmer  ot  proprietor  who  shall  refuse 
to  attend,  or  cause  his  agent  to  attend,  when  duly  summoned, 
and  the  amount  of  such  fine  accruing  due,  from  time  to  time, 
may  be  levied  without  further  conErmation  by  the  same  pro- 
cess aa  ia  prescribed  for  the  recovery  of  arrears  of  revenue. 
Every  such  fine,  and  the  amount  levied,  from  time  to  time, 
being  reported  to  the  Commissioner  of  Revenue,  and  to  whom 
appeal  is  open  in  the  usual  manner,  such  appeal  not  to  pre- 
vent the  levying  of  any  fine  so  imposed,  pending  the  appeal. 
Hitherto,  before  a  fine  could  be  levied,  the  tedious  proceeding  of 
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obtaining  the  Commissioner'B  confirmation  liad  to  be  gone 
throiigh,  and  by  the  time  this  was  done  the  business  perhaps 
was  concluded,  consequently  such  fines  were  seldom  if  ever 
upheld,  and  the  imposition  became  an  empty  form.  It  b  to  be 
hoped  that  the  present  law  is  not  pat  into  the  hands  of  the 
executire  for  mere  show  or  form,  bat  that  it  may  be  brooght 
into  play  effectually  and  instantly  where  necessary,  so  that  the 
serious  loss  of  time  to  Surveyors  and  consequent  increased 
cost  and  expense  to  Government,  may  in  a  measure  be  avoided. 
When  once  an  example  is  made  in  a  Fergnnnab  or  District,  no 
further  difficulty  is  experienced,  and  all  parties  are  saved  a 
great  deal  of  annoyance  and  extra  labor.  The  Revenue 
Surveyors  in  Bengal  are  all  vested  with  the  powers  of  a  De- 
puty Collector  under  Regulation  IX.  of  1833,  with  a  view  of 
giving  them  some  weight  and  importance  in  their  several  dis- 
tricts. These  powers  are  not  often  required  to  be  put  in  force 
inconsequence  of  the  presence  of  the  Settlement  Officer,  but 
still,  in  cases  of  contempt,  not  involving  a  case  of  resistance,  s 
fine  may  be  levied,  and  in  minor  cases  penal  powers  can  be 
exercised  under  Section  21,  Regulation  IV.  of  1793,  Section_6, 
Regulation  XIL  of  1825,  and  Clause  3,  Section  23,  Regulation 
yjL  of  1822,  imprisonment  in  the  civil  jail  for  a  period  not 
exceeding  6  months,  being  the  alternative  in  default  of  pay- 
ment of  fine,  onder  Clause  7,  Section  45,  Regulation  XXIII. 
of  1814. 

The  numbei  of  Khusrah  Ameens  generally  employed  on 
the  Bengal  Surveys  varies  from  100  to  150 
Am^Xloyed.     according  to  the  strength  of  the  Professional 
Establishment,  and   the  average  namber  of 
villages  requiring  the  detailed  measurement.     There  is,  bow- 
ever,  no  fixed  limit,  it  being  in  the  power  of  the  Surveyor 
to  apply  as  many   men  as  the  nature   and  progress  of  his 
work  demands,  and  the   rate  of  payment   being  solely  by 
contract  for  the   quantity    actually   measured,    it   is   of  no 
consequence,  as  to  the  exact  namber  entertained.     It  is  ne- 
4  D 
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cessarj  always  to  have  plenty  of  these  men  who  are  able 
to  conduct  their  duties  systematically,  and  in  strict  acccor- 
dance  with  the  orders  laid  down  for  them,  and  to  train 
and  instruct  others  who  may  always  be  ready  to  be  enlisted 
in  the  service.  Ameena  are  generally  to  be  found  and  are 
easily  taught,  though  good  and  trustworthy  ones  are  not  quite 
so  easy  of  attainment  Each  Ameen  generally  is  obliged  to 
employ  one  or  more  mohurrurs,  (writers)  and  after  a  season 
or  two,  these  men  become  experienced  and  fully  qualified  to 
undertake  measurements  themselves.  Thus  a  full  comple- 
ment is  always  kept  up,  and  spare  men  available  on  every 
emergency,  and  as  a  survey  is  extended  from  one  district 
to  another  the  Ameens  are  taken  on,  with  the  rest  of  the 
Establishment 

In  unsettled  districts  the  proper  number  of  Ameena  neces- 
sary to  keep  pace  with  the  Professional  Survey  also  depends 
very  much  on  the  nature  of  the  tenures,  and  is  always  fluctuat- 
ing. If  the  settlement  is  to  he  made  ryutwarry  then  every 
separate  field  under  a  separate  cultivator  (ryut)  must  be  de- 
fined, and  the  proceedings  become  very  tedious  and  volumi- 
nous, but  if  the  agreements  are  to  be  made  only  with  the 
maliks,  talookdars  or  proprietors,  the  record  of  estates  only  is 
sufficient,  and  an  Ameen  can  in  the  latter  instance  make  in- 
finitely greater  progress.  Much  depends  on  the  humour  of  the 
Zemindars,  if  they  will  readily  afibrd  assistance,  the  Ameen 
can  get  through  his  work  in  half  the  time  it  otherwise  takes 
him ;  some  Ameens  will  remain  the  whole  season  in  a  mode- 
rate sized  village,  whilst  others  will  complete  ten  times  the  area 
in  the  same  time.  There  are  so  many  things  to  facilitate  or  re- 
tard progress,  that  it  is  next  to  impossible  to  make  any  effec- 
tual provision  to  establish  an  uniform  rate  of  work,  and  for  this 
reason  a  contract  payment  only  can  be  resorted  to,  there  is  no 
limit  to  the  sum  drawn  for  under  this  head,  and  it  is  not  in- 
cluded in  the  fixed  annual  maximum.  The  steam,  therefore, 
must  be  put  on  according  to  circumstances  at  the  discretion  of 
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the    Surveyor,   so    as  to  meet   the  exigencies  of   the  0]>e- 
rations. 
The  first  great  object  is  alwa3>«  to  keep  the  two  combined 

operations  of  Khusrah  and  Professional  well 

CombinBd  ope-     up  to  or  abreast  of  each  other,  it  being  ne- 

proceed.  cessarj  that  the  Khusrah  shonld  coincide  with 

the  Scientific  Survey,  as  nearly  as  the  means 
employed  will  admit.  Such  a  result  cannot  be  more  effectually 
attained  than  by  making  the  two  operations  proceed  ximulta- 
neotttly  under  one  and  the  same  guidance — in  fact  this  is  a 
nne  gua  non — and  for  this  reason  the  Surveyor  is  the  proper 
person  to  superintend  and  control  all  the  proceedings  relative 
to  measurements,  as  in  like  manner  the  Civil  Officer  is  for  all 
questions  and  duties  of  a  revenue  cliaracter.  In  the  North- 
Western  Provinces,  this  was  invariably  the  case,  while  the 
quality  of  the  soil  and  record  of  the  crops  rested  on  the 
responsibility  of  the  Settlement  Officer.  If  the  operations  are 
under  different  management,  it  is  evident  simultaneous  progress 
cannot  be  expected.  The  Settlement  Officer  is  either  in 
advance,  or  in  arrears  of  the  Professional  Survey,  and  if  the 
work  is  carried  on  without  reference  to  the  Surveyor,  the 
probable  chances  are  that  the  same  lands  are  not  measured, 
the  Thaks  or  n^ks  erected  in  the  field  from  the  lapse  of 
time,  are  not  found,  and  thus  discrepancies  are  engendered, 
which  will  cause  extreme  difficulty  and  delay  in  reconciling, 
and  where  identity  between  the  two  operations  does  not  exist, 
the  matter  remains  a  contested  point  between  the  Surveyor 
and  Settlement  Officer,  the  former  has  perfect  cooiideDce  in 
his  work,  and  the  latter,  knowing  the  impracticability  of 
making  Ameens  re-measure,  or  even  re-investigate  their  work, 
believes  that  he  is  aqoally  as  near  the  truth — thus  constant 
correspondence  between  the  two  offices  gives  rise  to  serious 
delay  and  incessant  annoyances.  On  the  other  hand,  if  the 
Ameen  is  on  the  spot,  as  he  invariably  ought  to  be  when 
the  boundary  of  the  village  is  professionally  surveyed,  and 


jM,Cooglc 


596 

before  the  marks  and  pillars  have  been  remoTed  or  washed 
away,  be  b  at  once  made  acqaainted  with  the  correct  limits  of 
his  work,  and  by  co-operating  with  the  Assistant  SuireTor 
can  compare  his  exterior  boundary,  and  rectify  any  errors, 
which  he  may  chance  to  perceive  between  the  marks  on  the 
gromid,  and  the  Thakbnst  Sketch  Map  as  fmnished  hj  the 
Settlement  Officer.  For  the  check  on  the  Ehnsrah  to  be  in 
the  smallest  degree  efFectnal,  it  must  be  prompt,  the  delay  of  a 
year  or  a  season  in  this  respect  will  prove  Jatal  to  the  value 
of  the  measarement 

By  these  means  the  records  are  compared  at  once,  and  tha» 
by  mutual  assistance,  both  partJes  proceed  with  confidence, 
and  the  first  step  towards  accoracy  is  attained.  The  Profes- 
sional Maps  and  Registers  are  all  dependant  on  the  Khusrah 
{tetums,  and  by  the  preparation  of  these,  in  his  own  office, 
the  Surveyor  is  enabled  to  cwnplete  and  lodge  each  season's 
work  during  the  recess,  a  point  of  the  utmost  importance  to 
accuracy  and  fair  progress ;  and  on  commencing  a  fresh  field 
season  his  time  and  attention  is  not  distracted  by  arrears  and 
an  inconvenient  excess  of  office  documents,  to  move  about 
with  in  the  district  By  an  absence  of  this  due  and  speedy 
comparison  of  the  two  operations,  both  are  lefl  in  doubt  and 
distrusted  by  the  local  Officers,  and  upon  this  bare  fact,  the 
survey  of  whole  districts  have  been  recommended  for  revision, 
entailing  immense  expense,  as  well  as  confasion  in  the  records, 
and  anxiety  and  vexation  to  bo£h  Zemindars  and  Surveyors. 
It  is  in  vain  to  expect  a  large  body  of  Ameens  to  be  kept  in 
check  except  by  the  preunce  of  a  Professiimal  Survey,  and  by 
the  knowledge  that  detection  of  misconduct  is  certain,  through 
lome  of  the  agencies  at  the  command  of  a  Professional 
Surveyor.  , 
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On  thb  Cost  op  the  Khdseah. 

^HE  following  Table  exhibits  the  general  average  cost  of 
the   Khnarah   measurement,    including    the 
^^t  of  EhuB-      p^y.tjji  Qffi(,g  Establishment,  and  proportion 
of  European   Superintendence   on   15  com- 
pleted Surveys   in  Bengal — &om  the   year    1839   to  1849. 


J>irtrirt.  »t  ifeftar  «ul  Bengal.          "^              '^          \ 

8 

11 

NameofDisbict. 

Eitent 
in 

^^ 

Remarks. 

Hs.  As.[P. 

1839 
1841 
1841 
1841 
1642 
1841 
1840 

IS13 
1842 
181S 
1846 
1848 
1848 
1348 
18M 

as?;-..-..:: 

Cnttack, 

Pooroe, 

Cacbarand  Sylhet,.. 

Bia-..-.-..! 

Pu«^ 

SfKp..;  ..-:: 
?ZSC'  ••..■•:: 

Tirboot,  .' 

Area  measured  by  ^ 
Kbnsrab,    in   il 
(wopleled     Dis- 

Ti«tB 

247-80 

e86'54 
1256-60 
383-41' 
23402 
66-46 
6S5'03 
662-18 
1157-35 
1160-00 
756-75 
843-60 
24»4'D0 
31300 
1679-26 

29 
34 

26 
SO 
S9 

48 
37 
35 
23 

la 

31 
21 
29 
10 
16 

11 

14 
10 

0 
2 
S 
8 
2 
0 
3 
2 
9 
8 

6 
3 
4 
11 

Haw  by  Scale  and  Compau. 

NoUapsofanysort. 

Ditto.  "^ 

Ditto. 

Haps  by  Soalaand  Compa«s. 

Ditto. 

Bough  Eye-aketch  Mepe. 

Ditto. 

Ditto. 

NoUape. 

Rovgb  Eje-sketch  Haps. 

Ditto. 

Ditto. 

Ditto. 

General  ATer^:e. 

12665-00 

28 

6 

C 
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It  must  be  obserred  that  where  the  extent  -  measured  is 
greatest  ihe  expense  is  diminished,  the  cost  of  superintendence 
and  FurtaU  being  much  the  same  in  any  case,  therefore  the 
lesser  area  has  the  greater  proportion  of  expense  thrown  on  it. 
An  insight  into  the  earnings  of  Ameens  in  each  season, 
would,  however,  amply  show  that  this  class  of  public  servants 
do  not  depend  on  the  money  they  receive  from  the  Govern- 
ment, and  as  before  remarked,  without  .bribery  and  corruption 
tbey  could  not  possibly  exist  Every  Ameen  is  obliged  to 
keep  a  Mohurmr  and  two  men  to  drag  hts  rope,  besides  ge- 
nerally a  Feadab,  a  Chattah  Bearer,  &c. 

The  mode  of  paying  Khnsrah  Ameens  is  invariably  by 
contract ;  fees  at  the  rate  of  abont  two  rupees 
tJ^^lt^Ui-  *°''  ^^^^^  hundred  acres  of  land  undejr  cul- 
^vation  in  Bengal,  are  paid  as  soon  as  the 
measurement  of  the  village  is  passed  and  approved  of,  and 
one  rupee  for  the  same  quantity  of  jungle  or  waste.  This 
sum  includes  the  paper  and  every  expense  necessary  for  the 
production  of  a  fairly  written  and  intelligible  record,  which, 
eventually,  is  filed  in  the  Collector's  Office.  This  rate  of  pay- 
ment, however,  is  somewhat  higher  than  that  observed  in  the 
North-Westem  Provinces,  whei%  the  remuneration  was  not 
more  than  one  rupee  for  a  hundred  acres  of  cultivation  and 
eight  annas  for  waste.  The  difference,  however,  between  the- 
two  Provinces  is  great:  in  one  the  fields  are  small  and  complex, 
requiring  much  nicety ;  in  the  other  the  tenures  are  large, 
and  easily  and  speedily  measured.  Ameens  being  p^d  only 
for  work  performed  in  the  field  it  is  their  object  to  remain 
oat  as  long  as  possible,  but  8  months  out  of  the  12  is  the 
utmost  that  can  be  made  available  for  such  work.  During 
the  recess  therefore  it  is  most  difficult  to  keep  this  class  of 
men  in  attendance  at  the  office,  and  if  possible  miscellaneous 
employment  should  be  found  for  them,  such  as  the  prepara- 
tion of  the  Kkatteeawoonee,  by  which  a  subsistence  allowance 
may  be  earned. 
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Hiudoos  of  tlie  Kyut  caste  are  always  to  be  preferred  for 

this  datj ;  and  all  Hindoos  before  Mussul- 

Caate  of  Nstivea      men,  wbich  latter  class  of  men  never  seem 

preferable  for  ,  ,  ...  ■       n- 

iUneeua.  able  to  Compete  either  in  accuracy,  inteik- 

gence,  or  even  honesty  with  their  Hindoo 
brethren,  it  is  therefore  customary  always  to  entertain  men  of 
the  latter  caste.  Generally  speaking  they  are  respectable, 
well  dressed  and  intelligent,  and  carry  much  weight  with 
them  on  entering  a  village,  assuming  great  consequence,  and 
summoning  the  village  authorities  to  attend  them  with  a  great 
deal  of  parade  and  show.  The  retainers  of  an  Ameen  are 
very  considerable,  and  he  never  appears  out  without  a  bearer 
holding  a  chattah  (umbrella)  over  his  head. 

In  some  Districts  the  Khusrah  is  carried  on  very  badly, 
no  sketeh  maps  are  given,  and  the  Ameen's  file  when 
prepared,  is  biit  a  dark  and  doubtfal  document  indeed.  If 
there  is  any  tai^e  discrepancy  in  the  area,  it  is  impossible  to 
know  from  what  causes  arising,  as  orders  for  re-investigations 
in  the'lield  are  seldom,  if  ever  obeyed,  by  an  Ameen,  and  if 
re-measured  produce  no  satisfactory  result  Kevenue  Sur- 
veyors cannot  be  too  particular  in  looking  after  their  Khusrah 
work,  as  on  its  correctness  depends  the  entire  value  which 
the  local  civil  authorities  place  on  the  survey  generally, 
and  great  discredit  would  attach  to  any  Surveyor,  whose 
Professional  Survey  should  be  revised  owing  to  discrepancies 
being  detected  between  it  and  the  Khusrah.  Ameens  re- 
quire the  most  rigorous  surveillance,  and  without  a  Severity 
and  control  such  as  European  energy  of  character  alone 
understands  how  to  enforce,  without,  in  fact,  they  are  watch- 
ed and  checked  with  an  iron  hand,  the  utmost  difficulty  will 
be  experienced  in  proving  their  measurements,  and  making 
them  coincide  with  the  Professional  area.  Security  should 
always  be  taken  on  the  entertainment  of  Ameens  for  their 
good  conduct  and  attendance,  and  no  work  is  paid  for  until 
approved  and  passed. 
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To  obviate  aa  much  as  possible  tbe  difficulties  attending 
the  supervision  of  Ameeus,  the  following  rules  for  their 
mauagemeat,  should  be  attended  to,  as  far  as  practicable,  and 
the  local  peculiarities  of  a  District  will  permit 

Ist  Khusrah  Ameeas  should  be  nominated  to  villages 
in  such  a  way  that  they  must  be   present 

Standing  Roles  when  the  Ptvfessional  boundary  survey  is 
of  Ameeus.  laid  down — and  their  personal  attendance  to 

witness  thb  important  operation,  ought  to 
be  insbted  on,  under  penalty  for  non-compliance,  a  suffici- 
ent number  of  men  being  always  kept  up  for  this  pur- 
pose. 

2nd.  Any  unnsual  detention  of  the  measurement  papers 
in  the  hands  of  the  Ameen  after  the  work  is  done,  must  be 
guarded  ag^st  As  much  as  is  done  monthly,  weekly,  or 
even  daily,  if  practicable,  should  be  lodged  in  the  Surveyor's 
Office,  and  constant  enquiry  must  he  made  to  prevent  Ameens 
leaving  the  scene  of  their  labors  for  their  own  homes,  before 
their  papers  are  finally  submitted. 

3rd.  No  Ameen  should  be  employed  who  is  unable  to 
produce  a  tolerable  field  map  (Shnjreh)  or  sketch  of  his  mea- 
surement, exhibiting  every  field  and  delineating  tbe  esientx 
boundary,  and  who  cannot  give  good  tangible  security  for  his 
attendance  and  good  behaviour. 

4tb.  No  Ameen  to  be  nominated  to  two  villages  at  onc& 
As  soon  as  the  records  of  one  are  lodged  in  the  office  it  will 
be  ample  time  to  give  him  more  work. 

fith.  Any  Ameen  who  is  constantly  complaining  of  the 
conduct  of  Zemindars,  raises  an  nnnsnal  number  of  disputes 
and  remuns  in  a  village  any  unreasonable  period,  without  fur- 
nishing his  measurement,  should  be  removed.  Such  petitions, 
although  often  well  grounded,  are  more  frequently  based  on 
motives  of  private  pique  and  revenge,  or  to  suit  their  own 
purposes,  and  throwing  the  entire  responsibility  on  the  Ameen, 
is  the  only  effectual  way  of  putting  a  stop  to  it 
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6.  When  an  Ameen  is  detected  in  committing  fraud,  the 
case  should  be  immediately  made  over  to  the  local  judicial 
aathoiity.  In  Establishments  composed  of  150  to  200  Ameens 
the  chances  of  detection  and  proof  are  so  slight,  that  when  a 
case  OGCors,  an  example  of  the  offender  is  absolately  essential. 

7.  Having  procured  the  local  linear  measuring  rod  or 
rope  of  the  district,  every  precaution  should  be  taken  to  guard 
against  the  Ameen's  ndng  any  other.  The  length  of  this  rod 
or  rope  is  to  be  carefully  recorded  in  British  feet  and  inches 
on  the  fly  leaf  of  every  Khusrah,  as  Trell  as  on  the  Frofeasionat 
village  plans,  and  ought  also  to  be  made  known  by  istekar 
throughout  the  district,  no  other  measuring  implement  but  an 
iron  chain  of  the  correct  length,  should  now  be  on  any  account 
used. 

8.  The  native  method  of  measuring  and  calculating  areas, 
being  limitted  to  rectangular  Bgarea,  all  very  irregular,  or 
uneven  sided  figures,  should  be  avoided  as  much  as  possible; 
where  such  shaped  holdings  really  exist,  the  measurement 
should  Iw  divided  into  separate  parcels  and  recorded  under  the 
remarks  so  that  the  error  of  the  entire  field  may  be  reduced 
within  the  smallest  limits.  Ameens  to  save  themselves  trouble 
are  in  the  habit  of  making  their  fields  as  large  as  possible.* 

Irr^ular  piec«s  of  waste  land,  and  watercourses,  site  of 
village,  &C.,  running  in  the  centre  of  the  village  circuit,  may  be, 
seen  on  all  the  specimens  of  Shujrehs  of  the  old  surveys,  but 
the  recorded  area  must  be  far  from  the  truth,  neither  is  it  pos- 
sible to  construct  a  map  from  such  measurements. 

9.  £ach  Ameen's  measorement  must  be  confined  to  the 
actual  village  circuit  as  Iwd  down  Professionally  and  by  Takh- 

*  Definition  qfafidd. — "  A  GeU  is  b.  parcel  of  Und  lying  in  one  spot  in  the 
occnpatjon  of  one  oultivator,  bald  under  one  title,  Knd  genenllj  known  bj 
some  nftme  in  the  village.  The  Surveyor  should  be  cftreful  not  to  show  two 
fields  aa  one,  nor  to  divide  one  field  into  two.  The  Ameens  are  exceeding-ly 
ftpl  to  fall  into  the  first  of  these  errors,  as  it  enables  them  to  get  over  more 
work,  Kud  consequently  to  earn  more  in  the  course  of  the  day  whenever  they 
work  upon  contract."— /wftTitii'ox*  lu  Stttienunt  Officer;  N.  W.  P.,  para.  34. 
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bust  All  intermixed  lands  of  other  villagca  or  estates  found 
within  that  circoit  to  be  included  in  the  record  under  a  dis- 
tinct head,  but  all  detached  and  distant  lands,  belonging  to  the 
village  under  measurement,  not  to  be  sought  after,  or  cared  for, 
such  parcels  and  portions  of  land  being  duly  taken  ap,  with 
the  village  in  which  they  are  actually  situated. 

10.  Full  instructions  to  be  embodied  in  a  dustur-ool~oomid 
perwanah  (written  standing  orders)  to  be  given  to  every  Ameen 
prior  to  his  deputation  on  any  measurement,  and  which  per- 
wanah should  be  copied  out  in  the  Ameen's  own  handwriting, 
to  ensure  the  contents  being,  at  all  events,  read,  and  as  a 
proof  that  he  can  write  well. 

11.  In  the  fair  copy  of  the  Khusrah,  no  erasures  or  blots 
of  ink  to  be  permitted,  and  the  country  paper  on  which  the 
document  is  written  should  be  prepared  with  a  solution  of 
Tootia-Metha  and  Neem-putta,*  (articles  procurable  in  all 
bazaars)  as  a  protection  against  the  ravages  of  insects.  The 
field  map  or  Shujrehs  should  be  on  English  paper  of  a  durable 
texture,  as  they  cannot  be  replaced  if  lost  or  destroyed,  with- 
out repairing  to  the  spot  to  construct  another. 

12.  The  fees  for  the  performance  of  the  measurement,  not 
to  be  paid  until  the  work  has  been  compared  and  found  to  be- 
correct  in  every  respect,  and  all  the  papers  in  which  correc- 
tions and  alterations  may  have  been  made  have  been  duly  re- 
placed by  fair  copies,  properly  compared  and  attested. 

13.  The  areas  of  the  Professional  Survey  to  be  carefully 
concealed  from  the  Ameens,  and  native  Omlah  of  the  office 
and  Sub-Asaistants  to  be  interdicted  from  furnishing  such  in- 
formation either  in  the  field  or  during  the  recess.  Ameens 
are  very  liable  to  make  up  their  total  areas  to  agree  with  the 
Professional,  and  by  putting  in  infinitely  small  corrections 
over  a  vast  number  of  fields,  have  the  means  of  producing  an 
approximate  result 

•  "  TootU,"  Sulphate  of  Copper,  Blue  stone,  "  Metha,"  Fenagreek  (Trigo- 
nells  FfEnnm-groecnm),  "  Neem  Putta,"  Leaf  of  the  Neem  Tree  (Uelia 
Semper  Virens.) 
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In  many  districts  there  will  be  found  a  saperabandance  of 

jungle  and  waale  lands  inconvenient  or  im- 

DiapoB&l  of  tracts     practicable   to    measnre    by    Khusrah,   and 
of  wutaandjim-  ....  ^,  e  .^   . 

gle.  which  also  on  the  score  or  expense  it  is  un- 

advisable  to  permit  the  Ameen  to  interfere 
with.  When  a  village  circuit  contains  a  very  large  propoiv 
tion  of  such  land,  the  existence  of  which  is  always  ascertained 
by  the  Professional  Boundary  Surveyor,  the  cultivated  portion 
of  the  village  should  be  divided  off  into  a  separate  circuit  by 
the  interior  detail  Surveyor  so  as  to  permit  the  area  to  be  cal- 
culated by  triangnktion  on  the  map,  and  only  so  mnch  given 
to  the  Ameen  for  a  comparison,  of  whose  work  therefore  a 
distinct  area  is  found  by  the  Professional  operations.  The 
jungle  thus  forming  a  circuit  of  itself,  its  area  can  either  be 
added  to  the  Khusrah  misl  in  the  aggregate  from  the  Profes- 
sional Survey,  or  a  note  can  be  made  by  the  Ameen  that  it 
has  been  omitted  in  hia  proceedings.  By  this  method  consider- 
able expense  is  saved  in  the  Khusrah  operations,  and  the  ac- 
curacy of  the  area  of  the  cultivated  portion,  really  measured, 
by  an  Ameen,  is  not  vitiated  by  the  insertion  of  the  area  of 
such  pieces  of  waste  and  jungle  which  it  is  well  known  a 
native  Ameen  cannot,  and  will  not  actually  measure  in  the 
field,  but  invariably  enters  it  by  guess.  The  small  additional 
labor  with  the  Professional  Survey  is  therefore,  in  all  respects, 
the  preferable  course  to  pursue.  Of  all  things,  forged  mea- 
surement papers  are  the  most  to  be  deprecated  and  guarded 
against,  whilst  an  oSence  of  tltis  nature  should  always  be 
visited  with  the  severest  punishment,  the  temptation  should 
never  be  pat  in  an  Ameen's  way,  and  if  a  large  portion  of  a 
village  circuit  is  reported  to  consist  of  jnngle  or  waste  land, 
immediate  steps  should  be  taken  to  relieve  him  of  the  measure- 
ment of  it  The  difficulty  of  obtaining  any  assistance  from 
zemindars  to  clear  jungle  land,  is  quite  sufficient  excuse  for  the 
Ameen  to  make,  and  it  is  generally  set  forth  pretty  strongly, 
and  not  without  justice.     On  the  other  hand,  where  merely 
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small  patches  of  waste  are  scattered  about  a  Tilla^  circuit,  in- 
tervening with  the  cultivated  parts,  they  should  invariably  be 
included  in  the  Khusrah,  for  the  sake  of  the  compariaon  of  the 
total  area  of  the  village  with  the  Professional,  as  without  this 
check,  it  is  most  unlikely  that  the  Ameen  will  be  at  all  cau- 
tious, or  be  swayed  by  a  wholesome  dread  of  detection  in  any 
malpractices  he  may  have  in  contemplation. 
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CHAPTER  IV. 


Ok  a  new  akd  impkoved  mode  op  conducting 

TH£  KBDSBAH. 

Having  ^ven  the  nsual  mode  of  native  measurements  as 
carried  on  thronghoat  the  North-Western  Provinces  and  Ben- 
gal, we  proceed  to  notice  an  improved  and  verj  superior 
system  Introduced  of  late  years  in  some  of  the  Eastern  Districts, 
and  which,  for  accuracy  and  general  aseMness,  far  Borpasses 
the  rude  and  antiquated  specimens  which  in  our  own  experience 
we  have  seen,  and  had  good  cause  to  deplore. 

It  is  obvious  that  a  heavy  file  of  papers  in  the  vernacular, 
containing  the  detailed  specifications  of  a  village,  comprising 
perhaps  1,000  to  1,500  fields,  without  a  map,  or  merely  a  rongh 
ideal  sketch  made  without  reference  to  scale  and  compass, 
must  at  the  best  be  a  doubtful  document,  and  in  spite  of  the 
strictest  Purtall,  or  check  in  the  field,  may  contain  many  in- 
accuracies, and  elude  the  vigilance  of  Office  examiners.  To 
obviate  such  doubts  and  uncertainties,  and  to  place  this  native 
process  of  measuring  land  on  a  better  comparison  with  English 
conceived  ideas,  the  Ameens  in  the  districts  of  Sylhet,  Jynteah, 
and  Cachar  have  been  taught  the  use  of  the  compass,  and  to 
conduct  their  measurements,  and  enter  them  in  the  Field- 
book  in  such  a  way,  that  a  bond  Jide  map,  by  scale  and  pro- 
tractor, may  he  made  from  it,  not  only  by  themselves,  but 
by  any  other  person  unacquainted  with  the  field  duties, 
at  any  subsequent  time. 
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The  class  of  natives  usually  employed  as  Ameers  in  India, 
are  proverbially  shrewd,  intelligent  men,  and  have  a  good  eye 
for  surveying,  and  many  rise  to  be  practical  Surveyors,  and 
use  even  a  Theodolite  with  facility  and  correctness.  The  art 
therefore  of  taking  a  bearing  with  the  very  simple  compass 
which  b  here  described  is  very  speedily  leamt,  and  an  instru- 
ment quite  sufficient  for  the  purpose  may  be  made  up  in  any 
bazaar  in  India  for  about  three,  or  four  rupees. 

The  diagram,  page  113,  represents  an  instrument  of  similar 
construction,  an  open  round  box  made  of  brass  from  3  to  5  in- 
ches in  diameter,  and  half  an  inch  deep  with  two  upright  pieces, 
screwed  on  perpendicularly,  and  exactly  opposite  to  each 
other.  In  the  centre  of  the  box,  a  pivot  of  steel  finely  pointed, 
is  fixed,  on  which  the  magnetic  needle  freely  revolves.  The 
needle  must  be  made  of  steel,  the  North  end  being  well  dis- 
tinguished by  an  arrow,  and  a  small  brass  cap  of  a  comcdl 
form  (agates  not  being  procurable)  in  the  centre,  to  rest  on 
the  pivot  Inside  the  compass  box,  a  slight  ledge  is  necessary 
to  hold  the  glass,  over  which  a  thin  ring  of  brass  removable 
at  pleasure  fits  tighUy,  to  secure  it  from  falling  off.  Under- 
neath the  compass  box,  a  common  socket  of  about  an  inch  long 
is  fixed,  for  fitting  on  to  the  tripod  stand,  on  the  top  of  which  it 
must  turn  freely,  with  a  small  clamp  screw  to  prevent  the 
instrument  falling  off  when  carried  from  one  station  to  another. 

A  paper  dial  divided  into  degrees  from  1°  to  360°,  which 
is  easily  constructed  with  a  common  protractor,  with  the 
figures  marked  in  the  vernacular  character,  is  fixed  to  the 
bottom  of  the  compass  box,  care  being  taken  to  make  the 
division  of  360°  coincide  exactly  with  the  hair  sight  vane— 
and  consequently  180°  with  the  eye  vaii&  The  degrees  must 
be  numbered  round  the  circle  from  zero  towards  the  left,  and 
the  cardinal  points  inverted,  the  result  of  which  is,  that  in 
turning  the  compass  in  any  direction,  the  figures  underneath 
the  North  end  of  the  needle  indicate  the  correct  magnetic 
bearing  of  the  object,  and  the  observer  has  only  to  read  off. 
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The  needle  mnst  be  properly  magnetised,  for  which  purpose 
a  common  horseshoe  magnet  which  may  be  procurable  in  Cal- 
cutta, for  a  few  mpees,  ought  to  be  provided  bj  the  Surveyor, 
and  this  will  enable  him  to  keep  as  many  needles  as  he  likes  in 
good  order — care,  however,  should  be  taken  never  to  entrust 
this  magnet  in  the  hands  of  a  Native,  who  being  unacquainted 
with  its  properties,  would  be  sure  to  employ  the  negative  and 
positive  points,  to  the  wrong  end  of  the  needle,  and  thus  render 
the  compass  unfit  for  all  practical  purposes  and  likewise  injure 
the  magnet* 

A  simple  tripod  stand  of  any  seasoned  wood  is  also  easily 
made  up  by  any  bazaar  carpenter.  The  circular  pieces  of 
glass  to  fit  over  the  compass  box,  may  be  difficult  sometimes  to 
obtain,  glaziers  and  diamonds  not  being  plentiful  in  India,  but 
by  sending  a  paper  pattern  to  the  nearest  large  town  or  city, 
a  supply  can  generally  be  found,  and  spare  glasses  should 
always  be  kept  ready  to  replace  breakages-t 

It  must  not,  however,  be  imagined  that  this  roughly  construct- 
ed instrument  above  described,  is  the  best  that  can  be  found,  or 
that  by  proper  application  through  the  Government  authorities^ 
better  ones  are  not  to  be  had.  In  the  Government  instrument 
maker's  department  in  Calcutta,  the  best  workmanship  and  best 

*  On  the  first  introduction  of  this  ejatem,  ihe  compasses  were  nothing  mors 
than  men  bhcki  ofaood,  hollowed  out  to  receiTo  the  needle  with  brass  up- 
rights for  sights,  sod  these  rough  iostnunenta  costing  a  mere  trifle  (leas  than 
a  rupee),  did  eSectnal  senice  for  some  time,  until  they  were  superceded  by 
the  brass  and  more  durable  ones  above  described. 

t  A  rerj  simple  expedient  for  cutting  glass,  though  perhaps  bat  little 
known,  may  here  be  recorded  with  advantage.  B;  taking  aaj  piece  of  glass, 
such  as  a  broken  pane  out  of  a  window,  and  &  pair  of  good  sized  scissors,  and 
placing  both  hands  well  under  cold  water,  in  a  large  ehiUioacAee  or  brass 
basin,  the  glass  may  be  cut  round  and  round  until  the  proper  size  is  obtained. 
The  only  eve  that  is  requisite,  is  to  keep  both  the  glass  and  the  scissors  com- 
pUlely  under  the  waler,  and  to  clip  the  glass  very  gradually,  so  as  not  to  cut 
off  too  large  a  piece  at  a  Ume.  In  this  way  many  compasses  have  been  ren- 
dered serncenble  out  in  the  jui^lcs,  and  Ameeus  kept  at  their  work,  when 
otherwise  delay  and  inconvenience  most  have  arisen. 
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materials  are  procnrable,  and  surveying  compasses  are  made 
up,  fit  for  tbia  pttrpose,  eqaal  to  any  thai  come  from  En^and. 
Those,  however,  are  expensive  articles,  and  Trhere  such  numbers 
are  required,  economy  should  be  considered.  It  is,  moreover, 
the  object  of  these  pages  to  show  the  readiest  and  easiest  prao 
tical  method,  of  taming  the  means  at  hand,  to  the  best  account. 
Surveyors  should  never  be  at  a  loss  for  an  expedient,  and 
situated  as  they  are  frequently,  and  indeed  generally,  in  un- 
known parts  of  this  vast  empire,  an  ingenious  mind,  ever  ready 
to  make  shift  with  such  advantages  as  present  themselves,  will 
be  the  surest  road  to  success. 

Being  provided  with  a  compass  of  this  simple  construction 
and  having  leamt  the  manner  of  reading  off,  and  taking 
bearings,  the  Ameen  commences  to  measure  the  exterior 
fields  of  the  village,  that  is,  all  the  fields  extending  round  the 
boundary — as  shown  in  the  accompanying  map  Plate  XV. 
For  each  field  two  bearinga  are  taken,  one  for  the  length  and 
uiother  for  the  breadth,  with  occasionally  a  diagonal  observa- 
tion for  the  better  connecting  link  between  the  several  fields, 
and  to  ensure  greater  accuracy  in  the  mapping,  and  also  to 
enable  the  observer  to  take  all  his  bearings  from  one  station. 
In  the  Khnsrab  Fieldbook,  separate  columns  are  g^ven  for 
this  "  station  hearing^'  and  *'  distance  as  it  is  called,  by  which 
means  it  is  not  confused  with  the  quantities  required  as  mul- 
tipliers for  the  contents  of  a  field.  The  bearings  are  inserted 
in  the  following  form,  which  only  difiers  slightly  from  the 
form  before  given  at  page  583. 

For  the  boundary  work,  columns  1 1  and  12,  as  well  as  7 
and  9,  are  therefore  merely  required  for  the  due  protraction 
of  the  fields  on  the  map,  whilst  8  and  10,  in  addition  to  their 
use  for  this  purpose,  are  alone  required  for  the  area  of  the 
fields,  to  give  the  contents  for  column  13.  For  the  record  of 
the  measurement  of  the  fields  in  the  interior  of  the  circuit, 
columns  7,  9,  11  and  12  are  entirely  omitted,  the  fields  being 
put  together  from  their  respective  linear  values. 
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In  the  usual  method  of  measurement,  each  field  is  merelj 
recorded  as  lying  to  the  North,  South,  East  or  West  of  the 
preceding  ones,  and  frequently  eveu  this  is  omitted,  but  this  is 
not  Boflicient  to  ensure  a  large  number  of  fields  plotting  accu- 
rately within  a  circuit  laid  down  by  compass.  Although  the 
fields  are  for  the  most  part  rectangular,  still  they  are  to  be 
found  of  various  admeasurements  and  to  enable  the  map  to  be 
made  by  any  other  person  than  the  Ameen  himself,  who  pos- 
sesses a  local  knowledge  of  the  disposition  of  the  fields,  and 
sketches  them  in  on  hb  map  at  the  time,  it  is  essential  to  have 
a  defined  ftarting  poitU  for  the  measurement  of  each  field : 
thus  it  is  recorded  in  the  Khnsrah  that  field  No.  2,  commences, 
from  the  South- Weit  comer  of 
JSff,  l,andNo.3,fromtheiy^A- 
EaH  corner  of  No.  2,  and  in 
this  expression  of  the  comer 
starUng  jmnt,  lies  the  whole 
secret  of  the  system.  If  this  is 
not  observed,  the  relative  posi- 
tions of  Kos.  1  and  2  fields 
may  be  inverted  as  shown  in 
the  diagram,  and  the  whole 
disposition  of  the  fields  of  the 
entire  village  thrown  out;  in 
fact,  the  Khusrah  Fieldbook 
defies  all  attempts  to  reduce  it  to  an  intelligible  map. 

The  circuU  having  thus  been  effected,  all  the  interior  fields 
are  laid  down  merely  with  the  rod  or  rope  in  the  usual  way, 
but  still  preserving  the  corner  system,  without  any  further  (ud 
from  the  compass,  and  by  plotting  the  circuit  of  exterior  fields 
according  to  their  magnetic  bearings,  the  interior  details  are 
found  to  fit  in  very  accurately  indeed.  The  first  or  roagh  plot 
of  course  will  always  show  defects,  but  all  errors  are  thus  record- 
ed on  the  first  protraction,  as  in  Plate  XV.,  and  brought  to  the 
Ameen's  notice,  and  after  he  has  put  them  to  rights  by  re-in- 
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vestigation  in  the  field  and  filed  his  answer,  the  necessary  cor- 
rections are  made  on  the  map,  which  will  then  bear  the  closest 
comparison  with  the  Professional  one,  as  regards  the  infections 
of  the  boundary,  the  distribution  of  details  of  cultivation,  waste, 
Dullalu  and  roads,  &&,  as  well  as  area,  and  it  is  bj  these  means 
that  a  Surveyor  is  enabled  to  check  with  the  utmost  nicety  all 
ioaccuraciea  in  the  Khoarah  measurement,  and  at  the  same 
time  satisfies  himself  that  the  large  mass  of  vernacular  papers 
brought  in  by  his  Ameens  are  trustworthy,  and  b<md  Jide 
contain  what  they  pretend  to  do. 

It  must  not  be  supposed  that  the  Ameen  is  able  to  make 
the  bearings  of  large  village  circuits  close  without  error  by 
such  means,  the  enormous  number  of  observations,  to  say 
nothing  of  the  very  roughly  constructed  compass,  and  rode 
measuring  implements,  forbid  this.  The  village  is  subdivided 
into  convenient  small  circuits  of  150  to  200  acres,  round  each 
of  which  the  bearings  are  taken,  and  thus  the  error  in  filling 
in  the  very  large  number  of  fields,  is  diminished  and  compress- 
ed within  reasonable  limits. 

One  very  desirable  object  in  this  method  is  to  place  the 
E^asrah  Fieldbook,  in  such  a  form,  that  any  other  person, 
who  may  have  had  no  local  knowledge  and  no  intercourse  with 
the  Ameens,  is  capable  of  protracting  the  fields,  and  construct- 
ing the  map,  by  which,  every  inaccuracy  in  the  Fieldbook  is 
brought  to  light  and  corrected.  Thus  not  only  the  bearings 
of  each  circuit  and  the  several  linear  measurements  are  tested, 
but  many  other  discrepancies  regarding  quality,  area,  posses- 
sion, &C.  are  prominently  brought  to  notice  and  at  once 
rectified. 

The  circuit  and  the  fields  in  the  interior  of  the  circuit, 
must  be  protracted  teparateb/  in  tlie  first  instance,  as  from 
inaccuracies  of  the  circuit  bearings  and  various  other  defects 
of  measurement  and  notation  of  the  cardinal  points  in  the 
Kbusrah  Fieldbook  they  cannot  be  expected  to  fit  in  precise- 
ly, but  after  all  the  defects  both  of  circuit  and  interior  field 
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measurement  have  been  adjusted,  the  fur  map  ia  then  put 
together.  A  proportitmal  scale,  3  or  4  times  largor  than  tliat 
used  for  the  Professional  maps,  is  employed,  either  of  12  or  16 
inches  to  the  mile,  (eqoal  to  5  ctuuns  to  the  inch,)  which  is  large 
enough  to  show  the  smallest  holdings.  The  Plate  Na  KY, 
exhibits  the  precise  method  of  constracting  tliis  Kbtisrah  niap, 
and  the  explanatory  notes  tliereon,  account  for  each  step  in  the 
work.  The  map  when  completed  has  the  several  items  of 
waste,  nullahs,  roads,  village  site,  &c.,  colored,  and  shows  the 
limits  and  extent  of  each  interlaced  and  separate  mehal.  It 
then  bears  a  perfect  resemblance  with  the  map  of  the  Profes- 
sional Survey  with  which  it  is  compared,  and  identified  in  all 
its  partlculara,  and  by  means  of  a  pair  of  proportional  com- 
passes, the  most  satistactory  check  is  established,  and  no 
doubt  can  then  exist  of  the  true  boundary  having  been  adopt- 
ed by  both  parties.  By  the  same  means  also,  the  interior  de- 
tails may  be  taken  from  the  Khusrah  map,  and  reduced  on  to 
the  Professional  one,  with  sufficient  accuracy,  and  thus  save  a 
very  considerable  expense  for  carrying  on  this  part  of  the 
work  by  Professional  means. 

The  fair  colored  Khusrah  map  may  either  be  attached  to 
the  Fieldbook,  or  formed  up  into  Pergunnahwarry  volumes, 
for  better  preservation,  and  then  made  over  to  the  Civil  Autho- 
rity, and  by  the  aid  of  such  records,  not  only  is  a  settlement 
effected  with  great  facility  and  convenience,  but  subsequent 
suits  in  the  Civil  Courts  are  rendered  at  once  intelligible 
and  easy  of  adjustment  In  fact,  in  a  country  where  the  settle- 
ment is  made  ryutwarry,  it  is  difBpolt  to  understand  how  the 
assessment  can  be  fairly  levied,  and  the  rights  of  the  number* 
less  cultivators  preserved,  without  something  of  this  kind. 

The  expense  of  this  method  of  Khusrah  must  nest  be 
considered.  The  work  is  done  by  contract,  and  the  rates  are 
nearly  the  same,  as  in  other  districts  varying  from  2  rupees  8 
annas  to  2  rupees  12  annas  per  100  acres  for  cultivated  land, 
and  12  annas  to  1  rupee  for  the  same  quantity  of  waste,  and 
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when  the  extra  labor  of  Uie  system,  and  the  very  small  size 
of  the  tenures  in  the  Bengal  districts  ia  considered,  this  remu- 
neration must  be  acknowledged  to  be  very  inadequate.  The 
only  difference  consists  in  the  salaries  of  the  "  Nncksha 
Nuvees"  or  mappers,  who  are  employed  in  the  Office,  and 
receive  from  10  to  20  rupees  per  mensem,  bat  with  this  extra 
expense,  the  general  average  of  the  Khnsrah  work  thus  per- 
formed in  Jynteah  and  Sylhet,  aa  exhibited  in  the  Table  in 
page  598,  forms  a  very  good  comparison  with  the  15  districts 
therein  enumerated ;  in  fact,  the  cost  is  lower  than  6  of  these 
districts,  in  none  of  which  do  the  Civil  Authorities  possess  any 
authentic  Khusrah  map,  beyond  the  common  rough  sketch 
made  by  the  Ameen  himself  in  the  field,  and  who  in  so  doing, 
of  course,  takes  care  to  make  np  his  map,  whether  his  Field- 
book  is  right  or  wrong. 

The  expense  of  the  "  Nucksha  Nnvees"  also  is  balanced  in  a 
great  measure  by  the  duties  they  perform  as  Purtallers,  and 
the  good  and  efficient  aid  they  render  in  this  way,  more  than 
compensates  the  amount  of  their  salaries.  A  practised 
Nucksha  Narees  will  protract  150  fields  in  a  day,  and  this 
quantity  has  generally  been  done  where  the  holdings  were 
particularly  intricate  and  small,  bat  with  inexperienced  hands 
and  beginners  100  fields  is  as  much  as  can  reasonably  be  ex- 
pected per  diem. 

The  great  difficulty  in  placing  this  system  on  an  efficient 
footing,  is  the  procurement  of  qualified  Ameens  and  Nncksha 
NuTfles.  But  Ameens  who  are  expert,  as  the  generality  of 
them  undoubtedly  are,  and  have  been  shown  to  be  capable  of 
producing  eye-sketches  of  their  measurements  with  wonder- 
ful accuracy,  and  approach  to  the  identical  shape  of  the 
village,  may  soon  be  taught.  The  most  intelligent  Ameens 
should  be  first  instructed  in  the  use  of  the  compass,  and  to 
construct  his  own  map  on  ^y  given  scale.  After  a  few  good 
men  become  expert  (and  which  they  soon  will  do  if  the 
Surveyor  personally  labors  in  thejr  behalf,  and  is  not  above 
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teaching  tbem  himself,)  others  may  be  placed  nnder  them, 
and  thus  in  a  single  season,  by  a  little  jndieioos  managemratt,  a 
very  fair  beginning  may  be  made.  If  each  district  Surveyor 
obtuned  the  services  of  even  one  experienced  Nocksha  Navees, 
the  method  would  soon  be  introduced,  and  made  perfectly  in- 
telligible to  the  understand!  Dgs  of  Ameens  of  the  commonest 
calibre.  The  adoption  of  tlie  system  on  all  the  surveys  in 
Bengal,  it  is  believed,  is  now  insisted  on  by  the  authorities. 

Regarding  the  adwmtaget  of  this  system  of  EGiusrah,  no 
reasonable  doubt  can  be  entertained,  combining  as  it  does, 
every  property  of  the  old  zemindary  method,  with  the 
addition  of  a  little  English  science,  by  which  a  nearer  approach 
to  accuracy  is  attainable,  and  deception  and  &aad  detected. 
The  rudest  people  of  a  district  can  easily  understand  the 
Ameen's  proceedings  and  accompany  him,  for  the  purpose  of 
taking  a  copy  of  the  measurement  of  the  6elds,  even  if  the 
addition  of  the  bearing  be  unintelligible^  In  Jjnteah  and 
Cachar,  where  it  was  first  introduced,  the  inhabitants  were 
alike  unused  to  British  rule  or  customs,  but  in  no  instance 
was  the  progress  of  the  Ameens,  interrupted  by  violence,  or 
pretended  dislike  to  the  operations. 

These  advantages  may  be  summed  up  in  the  following 
manner : — 

1st  The  admirable  check  and  comparison  afforded  and 
consequent  superior  accuracy  of  the  work. 

2nd.  The  ability  of  any  second  or  third  party  ignorant  of 
the  locality,  and  without  connivance  with  the  measuring  Ameen, 
or  help,  of  any  sketch  or  map,  to  produce  a  fair  protraction 
from  the  misl  or  file. 

3rd.  The  thorough  msight  thereby  given  to  the  volumi- 
nous Khusrah  misl,  and  immediate  detection  of  all  errors  cleri- 
cal or  venal. 

4th.  The  great  benefit  to  the  Surveyor  or  Superintending 
Officer  who  thus  obtains  the  utmost  confidence  in  his  work, 
and  is  saved  infinite  trouble,  annoyance  and  doubt. 
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5lh.  The  vslne  to  the  GoTernment  in  possessing  a  really 
useful  and  permsDent  record  combioing  tbe  qaalities  of  the 
Professional  map,  with  the  addition  of  the  minutest  detailed 
specifications  of  property  in  the  village,  fit  for  every  porpose 
boUi  fiscal  and  jadiciaL 

6th.  Its  comparatire  inexpensive  cost  when  viewed  with 
the  lasting  value  of  its  results. 

The  great  desideratum  of  a  superior  method  of  Khusrah 
than  what  is  at  present  carried  on  in  most  districts,  cannot  be 
too  strongly  impressed  on  the  notice  of  Sorreyors.  Tbe  be- 
nefit to  the  State,  as  well  as  the  great  comfort  to  bimself  in 
having  a  £ur  and  intelligible  measurement  record,  which  can 
be  rendered  useful  hereafter  and  amenable  to  scrutiny  and 
check  at  tbe  time,  must  be  obvious  to  any  person  who  has  had 
experience  in  such  matters.  In  Bengal,  especially  where  it  is 
almost  an  impossibility  to  show  tbe  different  estates  on  the  maps 
of  the  Professional  Survey,  it  is  absolutely  essential  to  produce 
Khusrah  maps  on  such  an  extended  scale,  as  we  have  above 
described,  wbich  will  delineate  every  estate  on  the  rent 
roll,  however  intermixed  or  confused.  Tbe  system  that  we 
are  advocating,  is  the  only  one  applicable  for  such  purposes,  it 
is  at  once  effideTit  and  economical,  and  is  eminently  calculated 
to  effect  every  object,  if  properly  conducted.  It  also  affords 
the  readiest  means  of  carrying  out  the  provisions  of  Act  No. 
TX.  of  1S47,  ". regarding  the  Assessment  of  Lands  gamed  from 
the  Sea  or  from  Rivers  by  alluvion  or  dereUctioa  within  the 
Provineet  of  Bengal,  Behar  and  Orissa.* 


*  Clause  3,  "  And  it  U  herebj  ea4ct«d,  that  within  the  sud  Frovincea  it 
ihsU  be  kwfol  for  the  GaTemment  of  Beng&l  in  ill  tUsCricta  or  porta  of  dia- 
tricta  of  whioh  a  Berenue  Sorrej  ma;  haye  lieen  or  maj  hereafter  be  oom- 
pleted  and  approved  b;  OoTemment,  U>  direct  from  time  to  time,  wAeiiarcr  ten 
yeara  from  At  approoal  of  ma/ gaeK  umtty  iliaUhave  erpired,  a  new  anrrey  of 
lands  on  tbe  Banks  of  RItbts  and  on  tbe  ahoreg  of  the  Sea,  in  order  to  ascer- 
tun  the  changes  that  may  have  taken  place  sincg  the  date  of  the  last  preTious 
Biirvej,  and  to  cause  new  maps  to  be  made  according  to  inch  new  purvey." 
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It  may  be  remarked,  that  if  this  system  is  so  saperior  and 
trustworthy,  the  fact  of  its  wider  diffnuon  not  having  extend- 
ed to  other  districts,  is  a  matter  of  sorprise.  This  most  un- 
doubtedly he  acknowledged,  and  it  is  to  be  regretted  that 
improvements  in  the  Ehusrah  have  not  been  long  ere. this 
introdoced  into  every  survey.  The  principle  here  spoken  of 
has  been  made  no  secret  on  the  part  of  those  engaged  in  its 
practical  application.  In  some  Revenue  Surveys  the  Khusrah 
is  too  apt  to  be  regarded  aa  a  secondary  and  unimportant 
branch,  and  all  improvements  and  innovations  require  great 
energy  and  perseverance,  as  well  as  other  persuasive  and  con- 
aUatory  qualities  on  the  part  of  the  Surveyor,  whose  time  and 
attention  is  well  occupied  by  the  scientiGc  portion  of  his  duties. 
It  should,  however,  be  remembered  that  the  Khusrah  forms  the 
basb  of  all  the  revenue  proceedings,  and  which  alone  the  local 
anthoritieB  bring  into  practical  use,  and  that  the  result  is  satis- 
&ctory  and  creditable  to  the  parties  employedj  in  proportion  as 
the  people  of  a  district  enter  into  their  agreements,  and  pay  up 
regularly  the  junmia  assessed.  A  good  settlement,  made  witli- 
out  much  complaint  and  opposition  on  the  part  of  landowners, 
assuredly  reflects  great  credit  on  a  Surveyor,  who  will  thus 
obt^n  Ms  reward  for  any  trouble  or  pdns  the  Ehusrah  may 
have  cost  him. 
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CHAPTER  V. 


Oh  the  Local  Lakd  Measures,  and  mode  of  beddc- 
iNG  Linear  into  Square  Measvee. 

The  calculation  of  the  tme  land  or  square  measure  of  the 
District,  should  be  made  with  the  greatest  care,  and  too  much 
precaution  cannot  be  observed,  in  personally  comparing  the 
standard  cubit  or  hath,  usually  given  by  the  Collector  of  a 
District.  On  the  relative  value  of  the  beegah,  with  the  British 
Acre,  depends  the  subsequent  confirmation  or  rejection  of  all 
the  Native  measurements,  therefore  unless  accurate  Tables  are 
formed  at  the  commencement  of  operations,  the  ntmost  confu- 
sion in  carrjong  on  the  office  duties  is  likely  to  arise.  It  will 
then  be  the  first  duty  of  the  Surveyor  to  apply  for  the  standard 
cubit,  guz,  luggee,  hath,  jurreeh,  russee,  rod,  chain,  or  what- 
ever may  be  the  name  of  the  linear  measuring  implement  in 
use,  and  ascertain  what  number  of  such  lengths  conatitute  the 
side  of  a  beegah.  The  local  standard,  if  such  a  thing  exists, 
after  being  very  carefully  measured  several  timet  over,  its  value 
in  British  feet  and  inches  must  be  recorded ;  with  these  two  data 
the  number  of  square  yards  in  a  beegah  is  dednced,  and  from 
thence  the  number  of  acres,  roods,  poles,  &c.  This  having 
once  been  established,  two  Tables  should  immediately  be 
drawn  out,  one  of  beegaht  converted  into  acres,  and  the  other 
of  acres  into  beegahs.  These  will  save  an  infinity  of  trouble, 
and  indeed  are  absolutely  indispensable  for  the  ready  under- 
standing of  both  Europeans  and  Natives  in  a  Survey  Office, 
and  to  prevent  error  in  fiTeqnently  comparing  the  areas  of 
the  two  operations. 
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Supposing  the  length  of  a  rod  famished  by  the  Collector 
of  a  District  to  be  25  feet,  1  '92  inches,  as  ascertained  by  re- 
peated trials,  and  the  beegab  to  be  a  rectangle  whose  sides  are 
28  and  12  of  these  rods  respectively,  we  shall  then  have  28 
X  12  =  336  square  rods  in  a  beegah,  and  25  feet,  1*92  inches 
X  12  =  30192,  which  squared,  gives  91155-7864  square 
inches  in  one  rod.  This  multiplied  by  336,  the  aumber  of 
square  rods  in  a  beegah,  gives  30628344-2304,  the  number  of 
square  inches  in  a  beegah,  which  divided  by  1296,  the  number 
of  square  inches  in  a  square  yard,gives23632-9816  square  yards 
or  4*8828  acres  equal  to  4  acres,  3  roods,  21  poles,  8  yards. 
Again,  if  the  russee  is  found  to  be  80  yarda  exactly,  and  tJie 
beegah  side  is  one  russee,  then  the  beegah  will  be  80  x  80 

Bq.  yds.  acre.    sq.  yds.        acrea. 
equals  6400  square  yards,  and  if  4840  ;  1  : :  6400  ;  1-322314 
acres.  acre.    R.    P. 

the  value  of  the  beegah  is  therefore  1-322314  or  1     1     11 

27-60.' 

In  the  North-Western  Provinces,  the  be^ah  does  not  vary 
much,  the  ^gra  beegah  of  2756;^  square  yards,  the  beegah 
tide  of  52  yards,  1  foot,  6  inches,  is  common  to  many  other 
districts  such  as  Muttra,  Allyghur,  Mynpooree,  Etawah, 
Furrackabad,  &c.  The  Delfd  Province  beegah.  contains 
3025  square  yards,  or  five  eighths  of  an  acre  (3  roods  5 
Perohes)  of  the  standard  liaky  guz  assumed  at  33  inches, 
the  bec^h  side  being  60  guz  or  165  feet  or  55  yards, 
and  this  is  also  common  to  the  Umballa,  Khytul,  Loodhianah 
and  Ferozepore  Districts,  the  Jullundur  Dooab,  as  well  as  to 
the  greater  part  of  Behar.  The  best  information  extant  on  this 
subject  from  Prinsep's  Useful  Tables,  is  given  in  the  Notes,"  bat 

•  The  thhi/  gvz  of  Akbbs  was  inteoded  to  sapersede  the  multiplicity  of  mea- 
Bures  in  use  id  the  I6th  ceutnTf,  and  in  a  great  degree  it  BCill  maintaiiiB  its 
poaition  as  the  BtM>dard  of  the  Upper  ProTinces.  In  general,  howerer,  differ- 
ent measnres  are  employed  in  each  trade,  and  the  cloth  merchant  in  particu- 
lar has  a  distinct  gui  of  his  oira.  Thus  the  clotb  guz  has  assimilated  in  many 
places  to  two  hadis,  or  one  yard ;  and  the  frequent  employment  of  EngMi 
tape-measure,  aa  well  as  carpenter's  two-feet  rules,  will  erelong  confirm  the 
adoption  of  tlie  British  standard  to  the  exctusion  of  the  native  system,  for  the 
Lnear  measure  of  articles  in  the  bazar. 
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from  all  we  are  able  to  gather,  we  incliDe  to  the  belief  that  the 
general  standard  spoken  of  by  Prinsep,  was  never  regularly 
introdaced  into  the  Revenue  Survey  of  the  North-Weatem 
Provinces.  In  addition  to  the  two  beegahs  already  noticed 
the  Benares  and  Ghazeepore  beeg»h  of  3136  sq.  yards  was 

The  tme  leogth  of  the  lUtby  gsz  became  a  subject  of  zealous  iDvestigatiou 
bj  Mr.  SnwvBiM,  CollecWr  of  Furnkhabad,  and  Major  Hodobon,  Suneyor 
General,  in  the  year  1824,  during  the  progress  of  the  great  Rerenue  Surrej  of 
the  Western  Provinces,  when  it  was  fonnd  to  be  the  basis  of  all  tlie  records  of 
land  meftsurementa  and  rents  of  Upper  India. — As  might  have  been  expected, 
no  data  could  be  found  for  fixing  the  standard  of  Aedes  with  perfect  accura- 
cj  ;  bat  erery  comparison  concurred  in  placing  it  between  the  limits  of  30  and 
3}  English  inches  ;  and  the  great  majority  of  actual  measures  of  land  In  Bo- 
hilkhund,  Delhi,  Agra,  &c.  brought  it  nearly  to  an  average  of  33  inches.  Mr, 
DinlCAN,  in  the  settlement  of  the  Benares  Province  in  1795,  had  assomed  33'6 
inches  to  the  Bahy  guz,  on  the  authority,  it  may  be  presumed,  of  ataadards  in 
existence  in  the  city,  making  tlie  beegah  ^  3136  sq.  yards. 

The  resnlts  of  the  different  modes  of  determination  resorted  to  in  1834-5,  so 
characteristic  of  the  rade  but  ingenious  contrivances  of  the  natives,  are 
carious  and  worthy  of  being  recorded.  M^or  Hodqsoh  made  the  length  of 
(he  Ilahy  guz 

Inches. 

From  the  average  meaBarement  of  76  men's  fingers' breadths, =  31.65 

From  the  average  size  of  the  marble  thin  in  the  pavement  of 
the  Taj   at  Agra,  (said  to  be   each  a   Shaiyehaiiy  gax  <tt  43 

Gngers?) ^  33.53 

From  the  side  of  the  reservoir  at  the  same  place,  called  24  guz, n  32.54 

From  the  circuit  of  the  whole  terrace,  632  guz  ?    =>  36.80 

Mr.  Nbwnbah,  ham  the  average  sise  of  14  cbar-yaree  nipees, 

supposed  to  be  each  one  finger's  breadth,  makes  it ^  29.30 

From  the  testimony  of  iuhabitanta  of  Fnrukhabad,    =  31.60 

From  statement  in  the  Ayeen  Akbery,  of  tiie  weight  of  the  cuIhc 
gaz  of  72  kinds  of  timber,  (this  woold  require  a  knowledge  of 

the  wraghia,) 

Mr.  Ualhbv,  ^m  average  measurement  of  346  barley  corns,   ......  =  31.B4 

From  }  sum  of  diameters  of  40  Munsooree  pice,   ^^  33.03 

From  }  of  4  homan  cnbits  measured  on  a  string, ^  33.70 

From  average  of  copper  wires  returned  by  Tehseeldars  of  Mora- 
dabad  as  counterparts  of  the  actual  measures  from  which  their 

beegahs  were  formed, ^  33.50 

Mr.  Dtnicuf,  aa  above  noticed,  assumed  the  Ilahy  gui  at  Benares,...  *^  33.S0 
In  Bareilly,  Boolunshuhr,  Agra,  as  in  the  following  table,  it  is =c  32.5 
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actaally  in  use.  In  Bengal,  however,  the  value  of  the  beegah 
vftriea  in  eveiy  District,  frequently  in  every  Pergnnnah,  and 
occasionally  in  very  Estate  or  Village  within  the  same  Peiv- 
gannaL  In  the-  "  Tables  of  Land  Measure,  published 
by  order  of  the  Sudder  Board  of  Revenue,  Lower  R^>— 
vinces,  in  1840,"  there  will  be  found  no  less  than  218 
different  beegahs,  or  other  local  measures  of  various  denomi- 
nations, in  38  Districts,  varying  in  size  from  one  rood  to  50 
acres.  In  the  single  District  of  Midnapore  there  are  53 
different  land  measures,  in  Jessore  20,  and  in  Rungpore  15, 
and  in  many  Districts  there  are  at  least  from  6  to  10  differ- 
ent sorts.  In  the  Province  of  OHssa,  the  number  of  measur- 
ing rods  formerly  were  too  numerous  to  detail,  but  throngh 

It  is  Datmral  to  suppose  that  the  guz  adopted  for  nieasurmg  the  land  should 
Taiy  on  tile  aide  of  excess,  )md  probably  all  the  above,  thus  derived,  are  too 
long.  The  Western  Sevenue  Board,  thinking  so  many  discrepancies  iirecon- 
cileable,  suggested,  that  the  settlements  should  eTeijwbere  be  made  in  tbe 
local  beegah,  the  Surrejors  merely  noting  the  aetual  vaiae  of  the  Hahy  gvz  in 
each  viBage  and  entering  the  measuremeat  also  in  acree  )  but  the  Goremment 
wisely  determined  rather  to  select  a  general  standard,  which  should  meet  aa 
tai  as  possible  the  existing  circnmstances  of  the  country.  Thus  the  farther 
prosecution  of  the  theoretical  question  was  abandoned,  and  an  arbitrary  valne 
of  theZ&i^^uz  was  assumed  at  33  inches,  which  was  in  I83S-S6  ordered  to  be 
introduced  in  all  the  B«venue  Surrey  records,  with  a  note  of  the  local  varia- 
tion there&om  on  the  village  maps,  as  well  as  a  memorandum  of  the  measure 
in  Engliah  acres.  Ur,  Sec.  Mackenzie  thus  describes  the  convenience  wliicli 
the  adop^oa  of  this  standard  (sanctiooed  at  first  only  as  an  experiment  and 
liable  to  reconsideration)  wonld  affi)rd  in  comparisons  with  English  nieasures. 
"  Taking  titejareeb  (side  of  the  sqoare  beegah)  at  60  guntelu,  or  60  jib,  the 
beegah  will  be  S60D  square  gnx,  or  3025  square  yards,  or  five-eighths  of  aq 
English  acre  (3  roods,  5  perches).  The^iimi  will  be  equal  to  S  chains  of  11 
yards,  each  chun  being  4  gutikhe.  In  those  places  where  tbe  Jvreeb  is  assum- 
ed at  S4  guz  square,  it  irould  equal  4^  chains,  giving  34S0^  square  yards  (or 
3  roods,  10  perches).  In  either  case  the  conversion  firont  one  to  another 
would  be  simple,  and  the  connection  between  the  operations  of  the  Sufeyort 
and  the  measurements  of  the  Revenue  Officers  would  be  easily  perceived." 

This  convenient  beegah  of  3600  square  Hahy  gui.  or  3025  square  yards,  or 
five-eighths  of  an  acre,  may  be  now  called  the  standard  of  the  Upper  ProvinOM. 
It  is  established  also  at  Fatoa,  and  has  been  introduced  in  the  settlements  of 
the  Sagur  and  Nerbudda  territories. 
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the  interference  of  the  local  aathoritles,  one  standard  of 
4840  aqaare  yards,  equal  to  the  British  acre,  was  adopted, 
on  the  first  introduction  of  survey  operations,  and  carried 
throoghout  the  three  Districts  of  Cuttack,  Pooree  and  Bala- 
sore,  without  opposition  or  dislike  on  the  part  of  the  people. 
The  value  of  the  measuring  rod  or  Puddika  being  10*4355  feet 
or  10  feet  5^  inches  and  the  side  of  the  acre  20  of  such  rods. 
It  would  appear  that  the  Returns,  furnished  to  the  Sudder 
Board  of  Kevenue,  of  the  various  land  measures,  are  partly 
erroneous  in  some  Districts,  the  survey  of  which  has  been 
completed,  the  beegah  actually  used  differing  with  the  one 
recorded  in  the  Tables.  In  some  of  the  local  offices  the 
standard  measure  is  simply  a  matter  of  tradition,  and  when 
applied  for,  the  Nazir  of  the  Court  is  directed  to  report  on 
the  correct  length  of  the  hath  or  luggee— this  he  does  with 
the  utmost  simplicity  by  holding  up  liis  own  arm,  pointing 
from  the  elbow  to  the  tip  of  the  little  finger,  sometimes 
adding  that  as  he  is  a  small  made  man,  one,  two,  or  four, 
fingers'  breadth  munt  be  added  on.  The  Collector  on  this 
gives,  an  order  for  a  rooboocarry  to  be  sent  to  the  Sur- 
veyor Sahib,  to  the  purport  of  the  standard  in  use  in  hia 
District  being  "  one  hath  and  four  fingers,"  and  the  luggee 
or  russee  being  so  many  of  such  lengths.  This  vague  and 
uncertain  information,  however,  should  not  satisfy  a  Sur- 
veyor. Such  data  for  such  a  purpose  are  manifestly  absurd, 
and' yet  it  is  daily  in  practice,  in  many  Districts  in  the 
Lower  Provinces  where  Ameens  are  sent  out  to  investigate 
into  special  cases  coimected  with  the  Civil  and  Judicial 
Courts.  If  a  Surveyor  is  unable  to  obtain  some  sort  of 
definite  length  for  the  standard  measure,  it  should  be  his 
duty  to  fix  and  determine  it,  in  personal  communication 
with  the  Collector  of  Revenue.  In  some  Districts,  an  iron 
bar,  or  rod,  is  lodged  in  the  CoUectory,  indicative  of  the 
value  of  the  cubit  or  hath,  in  which  case  of  course  the  Sur- 
veyor has  only  to  compare  its  length  very  carefully  as  before 
remarked.  On  the  completion  of  a  survey,  the  identical 
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meaenring  rod  or  chain  should  be  lodged  with  the  Collector  of 
8  District,  and  its  exact  length  fully  reported  on  for  future 
reference.  It  is  also  most  necessary  to  furnish  a  copy  of  the 
Table  of  Land  measure  as  used  in  the  Survey,  and  without  this 
precaution  b  taken,  the  probable  chances  are  that  the  local 
authorities  will  adopt  some  other  measure  in  any  subsequent 
investigations  which  tliey  may  have  to  make  in  the  field,  the 
result  of  which  must  of  course  be  unfavorable  to  the  records 
of  the  survey  on  a  comparison  being  instituted. 

Zemindars  and  other  Village  Agents  have  always  a  good 
deal  of  objection  to  make  regarding  the  length  of  the  measur- 
ing rod,  and  are  most  persevering  in  their  efforts  to  prove 
that  the  one  about  to  be  brought  into  use,  is  too  long  or  too 
short,  or  different  to  what  the  former  measurement  was  con- 
ducted with.  The  object,  generally,  is  to  make  the  beegah 
larger  than  it  ought  to  be,  when  in  the  event  of  assessment  the 
Crovemment  Revenue  may  lall  lighter. 

The  following  Tables'  of  some  of  the  chief  beegahs  in  use  in 
the  Upper  and  Lower  Provinces  will  prove  useful,  and  exem- 
plify the  remarks  in  the  previoos  pages  on  the  subject  From 
the  decimal  of  an  acre,  the  smaller  denominations  are  easily 
obtained  by  multiplying  by  4  and  40,  and  in  the  same  way 
with  the  decimal  of  a  beegah,  by  multiplying  by  whatever  the 
local  land  measure  dictates : 


The  Agra  Beegah. 
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Bee- 

fiee- 
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Bee- 

Bee- 

1 
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gahs. 
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2 
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1-7084 
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4-800 
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1-875 
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2-2778 
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6-400 
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87800 
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2-8473 
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8-000 

5 
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^ 

« 

105360 

6 

3-4168 
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6 
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6 

3-750 

7 

12-2920 
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3-9863 

7 
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S 

4-5557 

H 

12-800 

8 

5-000 

9 

15-8040 

9 

5-1252 

9 

14-400 

9 
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10 

17-5600 
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5-6946 
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16-000 
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" 

19-3161 

11 

6-2642 

11 

17-600 
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The  beegah  of  3025  square  yards  prevails  also  in  the  Dis- 
tricta  of  Patna,  Shahabad,  Samn,  Ehaugulpore  and  Monghyr. 
The  beegah  of  3136  is  in  common  use,  and  peculiar  to  the 
Benares  and  Ghazeepore  district. 


1 

The  Benarea  Beegah. 

Acres. 

Beegahs. 

Beegahs. 

AcrcH. 

1-5433 

1 

0-6479 

^ 

3-0867 

2 

1-29S8 

3 

4-6300 

3 

1-9438 

4 

61733 

4 

2-5917 

M 

7-7168 

5 

3-2396 

9-2601 

6 

3-8876 

7 

10-8034 

7 

4-5355 

12-3467 

8 

51834 

13-8900 

9 

58313 

]0 

15-4333 

10 

6-4792 

11 

16-9766 

11 

7-1271 

In  Tirhoot  and  Monghyr  the  chief  prevailing  beegahs  are 
of  4225  square  yards  and  3600  square  yards,  and  the  latter  is 
also  common  in  Samn. 
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In  tlie  Eastern  part  of  Bengal  the  local  measure  is  consider- 
ably larger  and  assomes  a  variety  of  denominations.  In 
Airacan,  Chittagong,  Tipperah,  BuUoah,  Backergtmge  and  part 
of  Mymensing,  the  Droon  varies  from  d  up  to  195  acres.  In 
Dacca,  Funeedpore,  Sesacae,  Pabna  and  Rajeshye,  the  Khada 
is  the  prevailing  measure,  mnniDg  from  4  to  21  acres.  In 
Assam  and  part  of  Mjmensing,  the  Poorah  ranges  from  1^  in 
the  former  to  25  acres  in  the  latter  district.  In  Sylhet, 
Jynteah  and  C»c\ixi,t\iB  KooJbah  is  the  known  measure  differ- 
ing between  3  and  5  acres.  The  Cachar  koolbah  eqnals 
23313-89  square  yards,  that  in  Jynteah  23633  square  yards, 
and  for  Sylhet  the  following  Table  is  given,  the  length  of  the 
measuring  null  or  rod  being  21  feet  8J^  inches,  and  the  kool- 
bah sides  26  and  12  of  such  nulla : 


TAe  Sylhet  Ko<^hah. 

Acres. 

Eoolbaha. 

Acres. 

0-2T59 

1 

3-6245 

t 

0M18 
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7-2490 
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3 

10-8735 

s 

11036 

4      ' 

14-4980 

s 

18795 

5 

181225 

% 
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21-7470 

s 

1-9313 

7 

23-3713 

2  2072 

8 
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2-4831 

9 
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2-7590 

10 

36-2450 

3-0349 

11 

39-8693 
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For  the  ready  conversion  of  beegabs  of  any  number  of 
square  yards  whatever,  into  corresponding  acres,  the  follow- 
ing Table  will  be  found  useful: 
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BuLi.— Tiln  out  Aom  ths  oahunn  nnttiinini  Qis  Bqnore  Yudi  Vbe  nnrnt  Dmnber  to 
thoH  oDnWiisd  in  the  Beegafa,  <i]^o^t«  which  wOl  he  foond  ita  Hnltiplier,  the  difleranoe 
nalJDC  to  ODinplMe  the  noinber  of  Square  Turds  Id  Ui«  BeBgoh,  will  then  be  tiJun  oat  with 
It*  HnllipliHr  Mid  added  to  the  Ibnntr,  and  »  on,  nntdl  the  actual  number  of  Sqiiare  Xaidi 
eontained  in  the  Baegah  are  eitiaotad.  Tbeauin  of  these  will  gire  the  HuUaplier  required. 

Kon.— In  taking  ontaojnamber  of  Bqnare  Yards  leMthaa  18-10,  it  is  onl;  necosuy  to 
remore  the  decimal  point  as  manj  places  to  the  left  hand  in  the  colnnm  of  Square  Yards  as 
unber  may  be  leqiuxed,  removiug  the  points  also  as  mauf  places  in  the  colomn  of 


Hiiltiplier. 
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EXAHTLE. 

Required  theDednud  Multiplier  furabeegak  containing  IGOO  square  yards. 

Sqnare  Yards,  1600 

Next  nearest  in  Table, 1597-20    -33 

a'80     -00058 

Sum     -33058 

Therefore  the  beegsh  of  1 ,600  sqoue  yards  equals  '33058  of  an  acre. 

The  multiplicity  of  the  local  meaanres  in  the  Lower  Fro- 
viDces    and    the    exceBsiye    confiiaioa    and 
Beeg^  inconvenience  felt  thereby,  has  at  last  how- 

ever produced  its  own  core.  When  aa 
evil  IS  at  its  zenith,  there  is  some  hope  of  amendment ;  by  a 
Circular  Order  of  the  Sadder  Board  of  Revenue,  dated  the 
23rdNovember  1849,  the  whole  system  has  been  broken  down, 
and  one  uniform  value  given  to  the  beegab  for  all  the  Districts 
subject  to  the  Board's  jurisdiction,  and  to  be  used  in  all  measure- 
ments carried  on  for  the  future,  under  their  superintendence 
The  standard  adopted  is  that  of  the  puckha  Calcutta  beegah, 
of  14,400  square  feet,  or  1600  square  yards.  The  acre  there- 
fore is  equivalent  to  3*025  of  sncb  beegahs.  It  is  not  apparent  on 
what  principle  or  investigation  this  beegah  has  been  assumed, 
differing  so  greatly  as  it  does  with  all  the  local  measures  in 
Bengal  Proper,  as  before  shewn ;  and  it  is  to  be  regretted 
that  whilst  so  great  an  innovation  was  in  contemplation, 
either  the  British  acre  of  4640  square  yards  was  not  at 
once  introduced,  as  was  the  case  in  Orissa,  or  a  beegah 
bearing  some  simple  ratio  to  it,  as  has  been  done  in  the  Delhi 
and  other  North-Western  Provinces.  The  standard  ZfaAy  guz 
of  33  inches  being  now  more  widely  established  in  British 
India  than  any  other  local  measure  of  length,  every  thing  poar 
sible  should  be  done  to  extirpate  the  use  of  other  measures  not 
easily  comparable  with  it ;  and  all  local  land  measures  should 
be  founded  on  some  simple  multiple  of  this  standard,  such  as 
the  Gunter's  chain,  which  is  the  basis  of  the  acre:  no  round 
number  of  yards  can  be  introduced  into  such  a  system  without 
retaining  the  inconvenient  number  11  as  a  multiplier  or  divisor. 
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The  yard  therefore  onght  U>  be  wholly  discarded  from  our 
Indian  s^tem  of  measures,  and  every  thing  referred  to  the 
Ilahy  goz  of  33  inches,  or  some  multiple  or  submulttple  of  it, 
such  as  a  hath  of  16^  inches.  Any  beegah  foonded  on  either 
of  these  measures  may  be  readily  compared  with  the  Gunter's 
chain  of  66  feet,  and  through  it  with  the  English  acre.  It 
would  have  been  preferable  to  this  to  hare  established  the 
Bengal  beegah,  so  that  one  acre  might  be  equiralect  to  3 
be€^;ahs,  rather  than  3025  beegahs,  although  a  Square  Beegah 
of  this  valae  cannot  be  obtaid&d.  The  Hath  of  16J  inches 
which  may  be  the  basis  of  this  beegah,  and  of  its  subdivisions  the 
cottak  and  chittack,  is  half  the  Bahy  goz ;  and  the  two  beegahs 
of  Delhi  and  Bengal  would  be  so  easily  comparable  with  each 
other,  aa  to  faulitate  the  process  of  adopting  hereafter  some 
land  measure  that  would  include  both,  if  that  should  be 
thought  desirable.  But  it  is  of  far  less  importance  that  the 
land  measures  of  two  distant  conntries  should  be  identica], 
than  the  measures  of  length  should  be  so.  An  uniform  stan- 
dard,  whatever  its  size,  is  however  of  the  greatest  possible 
advantage  and  utility,  and  cannot  be  too  highly  appreciated. 

The  new  beegah  side  is  exactly  120  feet,  or  80  haths,  which 
squared,  ^ves  14,400  feet  or  1,600  square  yards.  The  follow- 
ing will  therefore  be  the  relative  values  of  l^e  beegah  and 
acre  respectively. 


1 

The  Sengal  Standard  Beegah. 

Acre*. 

Beegahs. 

Beegah. 

Acres. 
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Of  the  lower  denominatioDS,  20  cottaha  make  one  beegah, 
and  16  cliittacks  make  (Hie  cottab;  additional  tables  for  the 
coDTersioii  of  roods  and  perches  into  cottahsand  chittacks  will 
be  found  in  the  Appendix,  being  too  btUky  for  this  place. 
To  adapt  a  conveniflnt  scale  for  this  beegah,  which  shall  be 
Khiurah  and  Thak-  proportional  with  the  one  used  for  the 
bnst  SciOe.  Profesfflooal  Sarvey,  take  the  foUowing  : 

Profeeuonal  scale  of  4  inohea  •=  1  mile  =  80  Gunter's  chains, 
and  I  inch,  of  30  obaina  =  1320  feet. 
Rnswe.  Hatha.  FeeL 


therefore  11  mssees  are  equiTalent  to  1  inch  or  20  Gnnter's 
chains  on  the  same  scale>  and  by  increasing  the  scale  4  times 
1 1  msaees  =  4  inches.  By  dividing  4  inches  therefore  into 
1 1  equal  parts,  each  will  be  equal  to  a  mssee  or  beegah  side  of 
120  feet,  and  the  quarter  of  such  division  or  30  feet,  will 
represent  the  chains  actually  employed,  tico  of  which  squared 
or  60  feet  x  60  feet  equal  3600  feet  or  5  cottahs.  This  scale 
will  therefore  be  330  feet  or  2|  beegahs  to  the  inch,  or  16 
inches  to  the  mile.  The  Kbuarah  measurements  performed 
with  such  chainsj  and  protracted  on  such  a  scale,  will  bear 
precisely  the  ratio  of  4  to  1,  to  the  Professional  maps.* 

*  The  local  Square  Measure  will  be  as  followa: 
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CHAPTER  VI. 


On  the  Oethoqrapht  op  Native  Names,— General 
Statistics, — Geogeaphical,  Revenue  amd  Agricui.- 

TUEAL   REPORXa 

One  of  the  most  difficalt  subjects  with  which  Enropeans  in 
this  country  have  to  deal,  is  the  intelligible  conversion  of  the 
vernacular  into  the  English  character,  and  it  will  La  readily 
admitted,  that  Surveyors  of  all  persons  must  be  the  most  in- 
terested and  concerned  in  following  such  a  good  system,  that 
any  person  knowing  the  original  and  the  substitnted  character, 
should  be  able  to  convert  the  one  into  the  other  without 
difHcolty,  and  that  the  names  of  places  so  romanized  on  the 
geographical  maps  of  the  country  should  be  at  once  recogniz- 
able and  familiar  to  the  ear.  In  a  work  like  this,  it  may  be 
expected  that  some  fixed  rules  should  be  laid  down  for  the 
guidance  of  the  department,  but  any  fixed  system,  is  easier  to 
propose,  than  to  find  ibllowers  for.  As  regards  spelling,  some 
people  are  quite  incorrigible,  we  shall  endeavour  however  to 
place  on  record  the  prevailing  methods  heretofore  existing  in 
the  great  Trigonometrical  as  well  as  Revenue  Surveys,  toge- 
ther with  such  remarks  on  other  systems  as  appear  to  be 
called  for. 

Sir  Wm.  Jones's  method  is  at  once  elegant  and  phonical, 
and  has  found  complete  acceptance  with  learned  and  scientific 
men,  it  is  therefore,  with  some  slight  modification,  in  use  in 
the  Great  Trigonometrical  Survey  of  India.  The  rules  follow- 
ed in  this  department  are  very  simple  and  may  be  thus  stated : 
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IbL  All  Toweh  hare  the  Italian 
sound,  as  in  Sir  Wm.  Jones's  rule;  no 
others  to  be  used. 

2nd.  The  semi-voireU  to  be  used  only  as  consonants,  snch 
as  yin  YahoE 

3rd.  All  consonants  Have  tbeir  ordinary  sound,  but  ex- 
press the  harsh  soimd  of  C  by  £"  and  the  soft  sound  fay  S 
whereby  C,  as  an  independent  letter,  becomes  expnnged. 

4tlL  Express  the  soft  sonnd  of  G  onirersally  by  J,  reserr- 
ing  the  former  of  these  letters  in  all  cases  to  denote  the  harsh 
sound  only. 

6th.  Dispense  with  the  reduplication  of  consonants,  as 
mach  as  possible,  becauso  long  words  are  an  evil  on  maps. 

6th.  Drop  superBaons  letters  of  all  kinds,  wherever  they 
are  so  weak  as  to  make  it  a  matter  of  doubt  whether  they 
ought  to  be  pronounced  or  sot  Example  Hydmbad,  iKAan- 
drabad,  &c.  wherein  some  persons  introduce  a  short  rowel 
between  the  d  and  r,  and  others  do  not 

7th.  The  old  established  orthography  of  historical  names 
should  not  be  interfered  with,  as  they  hare  become  settled 
end  familiar  by  long  use,  and  it  would  be  pedantic  and  [ffe- 
samptuoQS  to  alter  them,  and  the  same  idea  would  not  be 
conveyed.  Thus  write  Meemt  not  Mirat,  Hydrabad  not 
ffaiderabad,  or  Hvederubad  (according  to  Gilchrist,)  Beder, 
not  Bidar,  Calcutta  not  Kaikata,  Captfun  not  Kaptattt  Cawn- 
poor  not  Kdnpur,  Allahabad,  &c. 

8th.  Double  c<»isoDants  should  never  be  used  when  single 
ones  will  answer,  thus  1%  instead  of  ^  is  not  advisable,  as 
in  Filaor  not  PkiUare,  neither  Ch  instead  c^  K,  although 
there  ia  Italian  authority  for  the  latter. 

This  method  ia  doubtless  a  pbonical  one,  well  adapted 
for  general  use,  and  scientific  men  will  not  agree  to  any 
deviation  ixfsfo-  Sir  Wm.  J(»tes ;  but,  however  learned  Sur- 
veyors may  be,  the  persons  into  whose  hands  their  maps  fall, 
may  be  very  ignorant  Englishmen,  and  it  is  extremely  doubt- 
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fal  whether  sach  a  mode  of  pronanciation  is  intelli^ble  to 
people  of  ordinary  capacity  and  common  sense  ideas. 

The  diflference  between  the  forragn  and  English  sound  of 
the  Towels  u  and  t,  is  most  likely  to  lead  to  confosion  ^tfa 
strangers,  and  to  prevent  all  possible  mistakes  the  oo  should 
stand  for  the  Italian  u,  and  ee  for  the  Italian  i,  retaining  the 
latter  for  diphthongs  only — such  a  compromise  woold  certainly 
enable  the  generality  of  people  to  pronounce  better.* 

*  Id  addilioD  to  thia,  there  is  Dr.  Duff's  modification  of  the  Jones's  sTsten 
M  DOW  established  and  finally  approved  of  by  the  Committee  of  the  Calcutta 
Bible  Society  as  Itdd  down  in  a  pampUet  on  the  "  Progress  and  Present  State 
of  the  Bomanizing  System."  After  a  most  careful  inreatigaUon,  the  following 
romaniied  Urdu  Alphabet  was  agreed  upon  and  introduced  with  these  ronarks. 

*■  Hie  Cammittee  of  the  Kble  Society  having  thus  fiimished  the  most  dedsiva 
■■  proof  of  ita  earnest  desire  to  consult  the  wishes  and  yield  the  ntroost  possible 
"  deference  to  the  conscientious  opinions  of  iudiridaal  Mjssionaiies  thningh- 
"  oat  the  country,  it  is  fondly  to  be  hoped  that  the  ttandard  of  romaniang 
••  now  fixed  by  the  imjority  will  be  ^adly  huled,  embraced,  and  practically 
"  eieiDplified  by  alL  It  is  fondly  to  be  hoped  that  for  the  sake  of  that  gme- 
"  rat  uniformity  which  is  80  truly  desirable  and  so  absolutely  indispmsible  to 
"faU  success,  every  one  will  be  cheerfuUy  disposed  to  sacrifioe  any  little  par- 
"  tu^ity  or  ptnliariiy  of  ojonion,  which  may  be  the  of&pring  of  isolated  or  in- 
"  dividual  minds." 

The  Hiiuh*tmi  ^habel  n  At  Roman  CharacUr. 
ABBhFI^TThTThSJJhChChhHKh 


• 

b     bh     p 

ph  t 

th 

t     th 

a    j     jh     ch 

chh 

h 

kh 

1 

V     4^  V 

«J    c 

«3 

&    «J 

i   S  «■   5 

«* 

c 

t 

D 

Dh  D.  Dh 

Z     B 

R 

Bh    Z 

Zh    S    8h    S 

Z 

T 

Z 

d 

dh  d    db 

.     r 

r 

rh     I 

ah     B     sh     s 

I 

t 

s 

0 

Aa  5  A5 

i    ,; 

J 

*j    J 

J  LT  i^  ^ 

<J 

1 

£ 

A 

O    F    Q 

K    Kh 

G 

Gh 

L    M    N    N 

V   w 

H 

Y 

a 

g    f   q 

k     kb 

S 

gh 

1      m    n     n 

V      w 

fa 

J 

t 

t^6 

^    ♦? 

^ 

J     J 

* 

V 

a,    i. 

i,    i 

n.    ^ 

e,    ai,    o,    an 

'      f 

ii^^    J 

SStS     J    J 

t.W(,a,i,  u 

i  long  a  I,  fl 

tgor    ■     ■■ 

?■ 

jM,Googlc 


632 

la  the  Revenue  Survey  Dqwrtment,  Gilchrist's  method  has 
generally  been  empbyed,  although  no  definite  rules  appear  to 
have  been  laid  down  on  this  important  subject  Like  any  other 
system  whatever,  if  ri^dly  carried  out  it  ia  intelligible  enough 
to  those  who  have  learned  and  practised  it,  but  it  has  never 
found  acceptance  with  the  learned  or  scientific.  It  looks 
ugly  and  adopts  all  the  bad  pronunciation  of  English.  Ko 
other  nation,  but  the  English,  ever  give  u  the  short  sound  of 
but  Tbis  is  a  fundamental  assumption  of  Gilchrist's,  and 
ruins  the  whole  of  his  system,  the  chief  merit  of  which  is,  the 
undeviating  tenacity  with  which  he  adheres  to  it  under  all 
difficulties. 

In  the  directions  for  Settlement  Ofificers,  promulgated  under 
the  anthority  of  the  Hon'ble  the  Lieutenant  Governor  North- 
western Provinces,  there  is  another  alphabet  proposed  to  be 
used  in  the  conversion  of  names  from  the  languages  of  the 
country  into  English.  Transposing  from  one  language  to 
another  by  this  method  is  easy,  and  it  is  particularly  well 
adapted  for  the  services,  and  having  gained  some  footing,  and 
being  recognised  by  all  the  Settlement  and  other  Revenue 
Officers,  the  Surveyors  who  have  to  follow  their  steps,  and 
depend  <m  their  enquiries,  are  obliged  in  a  great  measure  to 
resort  to  the  same  phraseology,  and  hence  the  more  scientific, 
but  more  difficult  system  of  Jones,  has  never  been  followed 
by  this  branch  of  the  Survey  of  India. 

The  following  is  the  alphabet  exemplified : 
Alphabet  proposed  to  be  used  in  the  conversion  of  names  from 
the  languages  of  the  Country  into  £ngUs/t, 

1  A.  a.  ......  Atmanugur,        vi        ^f 

Ahnnpoor,  

<  Ahnnpoor,        

2B.  b.  Bareepoor,  ?         v 

3B.H,  b.h,    ...  Bhooaneepoor,     vr         ^ 

4  0.H.0.H,H.  cA,cA>CIuchura,  ^^      s^^^ 

Chhipagurh,         ..•••. 
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27  R.B,n- 

r.rj,.. 
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vrsnj 

Rhotas, 

28  S. 

t.       .... 

.  Sareeram,           

« 

U" 

Sa  »  dutgunj,      

•  w: 

t^ 

29  S.H. 

t.h,     .... 

.  Sholapoor,           

Shureef  bazar,     

30  T. 

t       .... 

..  Tunk  hadah,       .... 

■  V 

J=&^ 

31T,H. 

t.h. 

..  Thanagurh, 

.■V 

^ 

32  U. 

V.    ... 

..  Umretpoor, 

■  V 

t' 

»  Uleepoor.TTllahabad, 

33  V.W. 

».ir. 

..  Wustabad, 
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.^^ 

J 

34  Y. 

y.  ... 

..  Yarpoo,  Yuabzar,    . 
Yy  •  shnogar,     .... 

•  ic 

^^ 

35  Z,ZH. 

z^h. 

..  Zeeafutabad,       ..;. 
Zalimpoor,  &c.,  ••■. 

J£oi.ij 

The  English  alphabet  having  no  letter  capable  of  repre- 
senting the  ^  Ain  of  the  FerBiaii,  the  use  of  this  as  contra- 
distinguished from  A.  £.  I.  or  U.  ma;  be  indicated  by  a 
mark  thus  *  before  or  over  the  letter. 

The  importance  of  statistical  information  is  now  universally 
felt  and  acknowledged,  and  the  Revenue 
Survey  Department,  as  might  be  expected, 
from  the  peculiar  facilities  at  its  disposal  for  the  attainment 
of  such  information,  dnring  the  progress  of  Smrey  ope- 
rations in  every  remote  part  and  comer  of  the  country,  is  not 
behind-hand  in  rendering  good  and  valnable  service  to  this 
branch  of  scientific  enquiry.  The  attention  of  Revenue  Sur- 
veyors is  particularly  and  urgently  directed  to  this  point  by 
the  Circular  Orders  of  the  department,  and  the  Annnal  Re- 
turns are  not  deemed  complete  without  a  full  and  succinct 
account,  geographical  and  statistical,  of  every  pergnnnah  of 
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the  district  nnder  survey.  The  Court  of  Directors  in  their 
despatch  No.  6  of  1846,  dated  the  3rd  June,  which  Has  been 
printed  and  circulated  for  general  guidance,  lay  particular 
stress  on  the  great  practical  importance  of  this  duty,  and  on 
the  advantage  which  may  be  expected  irom  the  transmission 
home  of  such  information  as  to  local  details,  which  so  many  of 
their  gervants  cannot  fail  to  possess.  The  heads  of  information, 
most  dedrable  to  be  collected,  are  likewise  dettuled  in  this 
despatch  which  includes  also  full  and  particular  instructions  as 
to  the  mode  of  collecting  the  same,  and  enjoins  the  most  rigid 
accuracy  as  to  matters  of  Fact,  without  which  all  statistics 
would  be  worse  than  useless,  tending  only  to  mislead.* 

In  the  directions  for  Settlement  Oiticers,  North-Westem 
Provinces,  para.  41,  it  is  specially  noted  that  the  Surveyors 
are  to  give  returns  of  population,  wells,  and  ploughs,  and  the 
mode  of  recording  this  and  other  useful  information  for  every 
village  coming  under  survey,  is  shewn  in  the  register  Plate 
yilL  This,  together  with  descriptive  remarks  as  to  the 
state  of  prosperity,  trade,  distribution  of  the  land,  &c,  fumishea 
the  groundwork  for  the  pergunnah  statement,  and  the  general 
district  report.  In  unsettled  provinces  where  an  assessment 
follows  the  survey,  and  a  Khusrah  measurement  is  universal, 
the  statistical  enquiries  are  pursued  by  the  Ameen  and 
recorded  in  the  Vernacular  with  his  Khusrah  Fieldbook,  and 
from  the  length  of  time  every  village  must  be  occupied  by  this 
Officer  for  the  purpose  of  prosecuting  the  measurement,  the 
time  and  means  at  his  disposal,  are  very  considerable  for 
eliciting  the  required  details.  These,  however,  are  checked 
again  by  the  Purtall  Ameen  and  by  the  Supervising  Officer  iu 
comparison   with   lists  (Kkaneh   Shumareh)  demanded    and 

*  Sor  some  valuable  mformatioD,  useful  alike  to  the  Surveyor  or  Settlement 
Officer,  nidt  a  Paper  in  volume  No.  164,  Journal  of  the  Asiatic  Societj  of 
Bengal  B;  Junes  Alexander,  Esq.  B.  C-  S.  "  On  the  Teoiireg  and  Fiscal 
teUlions  of  the  Owners  and  Occupants  of  the  soil  in  Bengal,  Behar  and 
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obtained  from  the  village  authorities,  and  the  investigatioDS  of 
Putwarries  and  others.  The  Settlement  Officer  again  has 
aomerons  opportuniUes  for  testing  these  returns  at  the  time  of 
assessment  It  may  therefore  be  inferred  that  the  information 
thns  gleaned,  is  as  worthy  of  confidence,  as  could  be  expected, 
and  no  difficulty  whatever  exists  in  procuring  it,  if  rightly  and 
fairly  sought  for  on  the  part  of  the  Ameens.  The  character 
however  of  these  men,  and  the  cloak  made  of  the  power  in 
their  hands  to  extort  money  from  the  people,  should  induce 
great  caution  in  receiving  their  statements,  or  of  entrusting  any 
additional  powers  in  their  hands  beyond  what  ia  abso- 
lutely essential 

In  the  Bengal  and  Behar  Provinces,  where  the  Khusrah 
measurement  is  only  partial,  and  not  more  than  from  15  to  20 
per  cent  of  the  villages  are  visited  by  the  Ameens,  the  mode 
of  prosecuting  statistical  enquiries  must  be  through  other 
agency.  The  demarcation  establishments  are  here  brought 
into  use  for  this  purpose,  and  the  assistants,  employed  in  the 
interior  professional  detail  survey,  may  be  made  available;  and 
whatever  difficulties  arise,  they  can  alone  be  overcome  by  the 
intelligence,  activity,  and  ability  of  the  Officer  in  charge  of 
the  smrey. 

The  following  comprise  the  heads  of  information,  all  or  a 
portion  of  which,  may  be  reported  on  with  advantage ;  and 
Annexed  is  a  tabular  statement  extracted  from  an  actual 
report  made  by  tho  late  talented  Officer  whose  name  it  bears, 
and  which  may  be  copied  with  safety. 

LAHD.— Geographioftl  position.  Extent. 

Bonndalies,  Diriaions,  Subdivisions. 

Climate,  Aspect,  SupeHtcial  configuration,  Moantiuna,  SUk. 

Geolo^cal  structure,  Miaes,  and  Minerals.* 

Forests,  jungle,  Sic.    Plains,  soil  and  productjons,  modes  of  culti- 


•  Vide  "  DeMdeT8,ta  for  the  Museum  of  Economic  Geology  of  India"  in 
(he  Appendix, 
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Prices  of  princip&l  products. 

TennTB    and    occupatioii.    Modes   and  rates   of   Msessment. 
Labor  employed  and  its  remuneration. 
WATBB.— NaTigable  rivera. 

Description,  and  length  oC 
How  tar  navigable. 
Origia  and  sonrce. 
Banks,  and  soil  of  bed, 
VesBela  emplojed  on  diem. 
Shoals,  velocity. 
I4AEES. — Description  and  situation. 

Height  above  the  sea. 
CANALS. — Their  purposes. 
Length  and  depth. 
Teesels  emplojed  on  them. 
Coat  and  return  on  the  oatlaj. 
Wells,  puckha  and  huteha,  tanks.  Sec 
Means  of  irrigation. 
CITIES.— Towns  and  villages. 

Situation  and  general  description. 

Nnmber  of  houses  and  whether  puckha  or  kulcha. 

General  caste  of  inhabitants. 

Bemarkable  buildings.  Temples,  Shewallohs,  Afundors,  Dm^shs 

or  Mosques. 
Public  establishments. 
Thaonahs,  Tuhseeldarees,  Moonsiffeea. 
Fohce,  Custom,  and  Salt  Chowkees, 
Schools,  Churches. 
POPULATION.— Census  of  people  of  different  caste. 

Agricultural  and  Non-Agricultoral,  Average  nomber  per  Square 

Uile. 
Employment. 

Condition  and  Physical  constitution. 
Health  and  disease. 
WEALTH, — Education,  and  method  of  pursuing  it. 
Charitable  institutions  not  educationaL 
State  of  litigation  and  of  crimes. 
Police,  Dumber,  remuneration  and  efficiency. 
COUUEBCE.- Manufactures. 
Capital  employed. 
Weights  and  Measures,  Coins. 
Modes  of  transit  and  communication. 

By  land,  high  and  metalled  loads,  passes  and  defiles,  kutcha  cart 
roads,  footpaths. 
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By  wrter. 

Impediments  and  their  duintion. 

Fords,  ferries,  and  bridges. 

Fisherie*. 

Postal  arrangementa. 

Taxation. 

Sources  of  rerenue  and  produce  of  each  tax. 

Mode  of  collection. 

Fairs  and  markets. 

Eiatoiy  and  anijqnitf ,  facta  iUastratire  of  earlj  or  more  recent 

history,  and  changes  political  or  agricultnraL 
Factories,  indi^,  sagar,  saltpetre,  silk. 
Golahs,  Salt 
Agricultural  implements. 
AGRICULTURAL  INDUSTRY.— Ploughs,  domestic  animals. 
Cattle,  draft  and  graung. 
Buboes,  &C. 
Wild  sports. 

la  the  Memoir  on  Uie  Statistics  of  the  North- Western  Fro- 
Tinces,  compiled  under  the  order  of  the  Honlile  the  Lieutenant 
Governor  and  published  in  184S,  it  is  stated  that  the  late  set- 
tlement of  those  provinces  has  provided  many  statistical  &cts 
which  it  has  been  the  aim  of  that  Government  to  bring  toge- 
ther and  place  on  record  with  precision,  and  that  in  order  to 
create  greater  confidence  in  the  correctness  of  the  revised 
statistical  return,  the  memoir  was  compiled,  so  as  to  place  per- 
manently on  record  the  mod^  in  which  the  information  was 
collected,  and  the  authority  on  which  each  of  the  facts  rests. 
In  this  work  much  valuable  instruction  is  afforded,  and  we 
have  extracted  some  of  the  leading  rules  for  a  fair  enumera- 
tion of  the  people,  or  of  houses.*     The  statistical  return  of  the 

*  Fara.  14.  "  In  such  censtiB  it  will  onlj  be  necessary  to  sepaFate  tlie  people 
into  the  classes  mentioned  in  the  Table.  Separation  into  males  and  females, 
of  boys  and  girls,  is  nseless,  because  these  classes  will  not  be  accurately  re- 
ported, nor  win  tjie  distinctions  be  uniformly  observed." 

15.  "  All  persons  who  derive  thnr  subsistence,  in  whole  or  in  part,  from 
the  land,  whether  in  the  form  of  wages  or  rent,  should  be  shown  as  cultivators, 
even  though  they  may  have  other  sources  of  inconw." 
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€  divisions  comprising  32  districts,  ^ves  322  as  the  average 
number  of  persons  to  the  British  statute  mile,  and  1  '99  as  the 
number  of  acres  to  each  person.  This  is  a  high  average  popula- 
tion and  it  has  conseqnentlj  been  received  with  some  doubt  and 
saspicion,  from  the  comparatjve  statements  of  other  countries. 
China,  universally  considered  one  of  the  most  densely  populat- 
ed countries,  is  only  277  to  the  square  mile,  according  to 
"  Davis's  China"  censns  of  1812,  and  the  only  European 
country  approaching  to  this  Indian  average  is  Belgium, 
which  is  392,  on  the  Geographical  mile  of  847  acres, 
equivalent  to  296  on  the  statute  mile  of  640  acres,  hut  as 
stated  in  the  memoir  "  there  is  good  reason  to  suppose  that 


"  Any  censoa  baaed  on  actual  enamerstion  of  the  people  will  probably 
erroneous.  It  will  be  belter  to  rest  the  calculation  on  the 
number  of  hooaes  or  families." 

17.  "  A  bouBe  or  family  must  be  defined  according  to  ita  local  signijica- 
tkia  I  perhaps  it  may  generally  be  defined  as  a  family  living  together,  iobabit- 
ing  a  distinct  part  of  a  leuement,  or  the  whole  of  one  or  more  tenements,  in 
the  same  endosnre." 

IS.  "  The  nnmber  of  honaea  or  &miliea  being  thus  ascertained,  tbe  number 
of  persons  actually  resident  in  a  certain  number  of  ancb  bouses  may  be  coaot- 
ed,  and  the  aTerage  may  be  applied  to  the  whole.  The  value  of  the  resnlt 
will  depend  npon  the  care  and  the  discrimiostioii  with  which  this  is  done." 

19.  "  The  ennmeratioii  should  lake  place  in  those  hooaes  or  villages  where 
the  object  of  the  procese  is  most  likely  to  be  understood,  and  where  the  co- 
operation of  the  lemindars  and  other  inflaential  inhabitants  can  be  secnred." 

SO.  "  Distinct  averages  should  be  assumed  for  difierent  classes  of  the  in- 
habitanla.  Thus  the  average  in  cities  or  towns  may  be  different  &om  what  it 
is  in  viUiges,  the  average  in  puokha  honses  from  that  in  cutcha  houses,  the 
average  in  one  purgonnah,  from  that  in  another  ;  in  Mahomedan  families  ft'om 
that  in  Hindoo  families,  or  Brahmin  or  Bajpoot  families,  &om  that  in  Chomar 
or  Passee  &miliea," 

31.  "  The  returns  when  given  in  by  the  Tuhseeldars  should  be  tested  by 
the  Collector.  This  is  eamly  effected  when  the  details  are  given  Mooiahwar, 
for  if  the  retnms  for  a  few  Mouzahs  ta^n  indiscriminately  are  found  to  be 
correct,  the  whole  may  be  assumed  to  be  bo." 

32.  **  The  following  general  rules  may  be  fbnnd  useful  in  judging  of  the 
accuracy  of  retnms  regarding  population." 

33.  "  The  average  number  of  persons  to  a  house  or  family  is  between  4 
and  5.  From  peculiar  rircumstances,  hi  certain  localises,  it  may  fall  below 
or  rise  above  this  standard."  ,  -.  , 
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the  ftrerages  ia  the  well-peopled  parta  of  India  are  higher 
than  in  the  moat  populoas  countries  of  Europe ; — "  and  so  it 
would  decidedly  appear  not  only  Jrom  the  results  published  in 
this  memoir  but  from  the  subsequent  researches  made  in 
Behar  and  Bengal,  as  the  progress  of  the  Revenue  Survey- 
advances,  all  of  which  tend  to  keep  up  a  high  estimate. 
The  insertion  here  of  the  population  of  the  North-Western 
districts  may  serve  as  a  guide,  we  have  therefore  extracted 
such  columns  &om  the  printed  return.  At  the  same  time,  the 
discrepancies  between  the  averages  of  many  of  the  Districts  in 
this  Statement  are  still  so  large  as  to  leave  considerable  room 
for  iurtber  doubt,  Asimghur,  Jounpore,  and  Ghazeepore 
being  nearly  double  of  Allahabad  and  several  other  Districts 
and  larger  than  Agra  or  Dehlie.  The  general  average,  how- 
ever, (322  per  square  mile)  is  one^hird  lower  than  that  taken 
in  1826  (^484  per  square  mile)  and  commented  on  in  para.  17 
of  the  Court's  Despatch. 
34.    **  The  avenge  iiiu>^»er  of  person 


•  Belgium 

BriCigh  Isles,   ..    . 

Wirtembei^, 
Tuscan;, 

Bussia  Proper,   . . 

Europe, 

Taken  from  tlie  Hap  of 
Gorope — published  b;  the  So- 
cltitv  far  me  Difl'osion  of  Use- 
ful Kuovledge. 


to  a  square  geographical  mile  of  847'!I 
acres,  in  the  chief  countries  in  Europe,  is 
given  in  the  margin.*  There  ia  good  retuoD 
that  the  averages  in  the  well-peopled  parts  of 
IndiSi  are  higher  than  in  the  most  populous 
countries  of  Europe." 

as.  *■  The  number  of  adult  femalesisfoond 
to  be  in  excess  -of  that  of  adult  males,  but 
the  number  of  boys  is  much  larger  than  of 
girls.  The  cause  of  tiiia,  in  some  measnre  is, 
that  females  are  considered  to  have  passed 
from  girlhood  at  an  earliar  age  than  males 
from  boyhood,"     Vide  Memoir  on  Statistics,  pages  8  and  9, 

Para.  3.  "  The  definition  of  a  house  or  family,  and  tlie  grotinds  on  which 
the  number  of  sonls  to  a  honse  or  family  is  stated,  requires  to  be  very  careftilly 
examined,  and  the  mode  aa  well  as  tiie  result  of  the  examination  to  be  fully 

i.  "  Care  does  not  seem  to  be  generally  taken  in  disoriminatiog  between 
the  agricultural  and  noQ-agricultoral  classes.  On  referring  to  para.  15  of  the 
former  printed  Circular,  jon  will  obaerve  that  the  meabara  ofaU  famiUa  who 
derivt  tht^mppoTt  or  arof  part  of  their  imome  from  VwciikiailiM  of  toMd  are  to 
beeittertda3agnadtural,iBhetherorBOt&eyactaaS3hoMlheplougkorpermKalfy 
conduct  the  utaal  agricultural  meratioiu."     Vide  Uemoir  on  StatisUcs,  page  14. 
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In  the  first  few  Dietricta  which  came  under  Burrey  in  tli^a 
Piovinces,  Statistical  en<iniries  were  nnfor- 
har  SMacics.  innately  omitted,  and  aa  no  settlement  follows 

the  surrey,  the  deficiency  has  not  been  mads 
good ;  neither  in  those  Districts  where  the  information  has 
been  collected  can  the  results  be  so  satisfactory  and  trust- 
worthy as  in  the  North-West  Provinces,  where  double  and 
treble  investigations  have  been  prosecuted.  For  the  sake  of 
completeness  and  comparison  of  the  data  given  for  difierent 
Districts,  it  is  to  be  hoped  that  the  subject  will  not  be  lost 
sight  of,  but  that  it  may  be  prosecuted  In  the  same  manner 
as  described  in  the  Memoir  on  the  North- West  Provinces. 
The  following  table  exhibits  all  the  details  at  present  procur- 
able for  the  Lower  Provinces,  distinguishing  those  Districts^ 
which  have  actually  come  under  invesUgation  by  the  Revenue 
Survey,  taken  either  by  an  actual  census  in  some  Districts,  or 
by  the  enumeratioD  of  houses,  and  estimate  of  acertain  number 
of  souls  per  house,  checked  by  another  estimate  drawn  fix)m 
the  land  under  cultivation  in  some  instances.*     In  several  of 

•  The  only  tnanner  that  1  hiTe  of  calculating  the  popnlation  is  from  the 
extent  of  cnltiration,  which  is  uf  conrse  liable  to  great  error.  Two  calcn- 
latioDS  ma}'  be  founded  on  this  basis. 

First,  it  will  appear  in  my  accoant  of  the  agneultnre  of  this  district,  that 
about  4,80,000  ploughs  are  required,  and  one  man  is  the  usual  allowance  for 
each  plough.  The  men  employed  in  actual  agricultore  cannot  therefore  be  leas 
than  4^0,000,  and  these,  I  imagine,  will  be  nearly  one-fifth  of  their  funiUeB, 
including  old  people  and  children,  which  will  make  the  agricultural  popula- 
tion it,4(NV)00.  Now  considering  the  very  imperfeot  state  of  ^riculture,  and 
the  rudeness  of  the  arts  in  this  district,  I  do  not  think  that  we  can  add  mora  ~ 
than  one-fourth  of  this  number  for  all  the  other  classes  of  society,  espedallj 
as  a  quantity  of  grain  is  exported.  This  will  giie  3,000,000  for  the  total  popnla- 
tjon,  being  about  aSS  persons  for  each  square  mile  (on  an  area  of  9,374 
square  miles). — Secondly,  an  estimate  may  be  formed  from  the  quantity  of 
produce  ;  and  rice  bong  the  chief  food  of  the  people  we  may  consider  that 
alone.  The  total  quantity  of  roogh  rice,  afUr  deducting  seed,  that  I  have 
calculated  to  be  annually  rused  in  this  district,  is  about  8S,B0O,OOO  mong, 
which  according  to  the  trials  that  I  made,  will  give  37,650,000  muns  of  clean  rioe. 
tlow  I  hare  supposed,  that  to  the  value  of  3,200,000  Rupees  of  rice,  or 
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the  Districts,  however,  the  calculation  is  based  only  on  partial 
areas,  comprising  cert^  Pei^unnahs,  yielding  a  certain  ave- 
rage, and  this  number  has  been  agfun  assumed  for  the  entire 
District  The  average,  on  the  14  Districts  so  collected, 
amounts  to  246  per  square  mile,  and  the  average  deducible 
&om  tlie  Population  Returns,  given  in  the  Agra  Gtdde  and 
Gazetteer  on  nine  other  Districts,  is  198  per  square  mile,  the 
general  average  on  the  entire  area  of  74,264  square  miles 
being  219  per  square  mile,  and  which  approximates  closely 
with  the  estimate  made  in  1822,  as  noticed  by  the  Court  of 
Directors,  viz.  243  per  square  mile,  on  an  area  of  about  double 
of  what  is  here  ^ven.  This  calculation,  although  roughly 
made,  seems  entitled  to  some  confidence.  It  does  not  embrace 
the  populous  cities  of  Calcutta,  Dacca  or  Moorshedabad,  or 
the  thickly-populated  Districts  of  Hooghly,  Kishnaghur, 
Baraset,  &c.,  but  until  the  whole  country  has  been  carefully 
and  minutely  explored,  and  much  more  labor  and  pains  ex- 
pended than  have  heretofore  been  devoted  to  this  interesting 
and  useful  science,  it  will  be  in  vain  to  expect  absolute 
accuracy. 

4,400,000  muus  lire  e^Htrted,  Mid  there  will  remuu  for  conaumption  33,250,000 
mans  Cdcutto  vei^t.  Than,  allowing  h«If  a  aeei  of  96  Sicca  weight  for  each 
person  daily,  which  is  the  calculation  usuall;  made  in  this  district,  this 
quaatit]'  of  rice  wiH  feed  more  than  4,000,000  of  people  j  considerable  deduc- 
tions howarer  must  be  allowed  for  grain  that  is  wasted,  distilled,  conaumed  hy 
fire,  eaten  bj  cattl^  andnsedin  the  arts ;  but  still  this  popolation  seems  to  be 
eza^ent«d,  and  tJie  oalcalation  foooded  on  the  number  of  ploughs  seems 
more  suitable  to  really. — "  Hutorical  Deacr^tion  of  Saagepvr  Histricl,  bg 
«  (Hamatim),  Book  2,  Pagt  67." 
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PRACTICAL  ASTRONOMY, 

AND  ITS  APPLICATION  TO  SURVEYING. 
CHAPTER  I. 


Definitions. 

Suppose  a  plammet  to  be  freely  suspended  from  a  given 
height,  it  will  fall  perpendicnlarlj  npon  the  surface  of  a  pool 
of  stagoant  water,  for  there  is  no  reason  to  belieTo  that  it  should 
be  more  inclined  to  one  side  than  to  -another. 

Now,  conceive  the  line  wherewith  the  plummet  is  hnng  to 
be  produced  to  the  heavens,  it  will  cut  a  point  there,  which  is 
called  the  zenith. 

Again,  if  the  surface  of  the  stagnant  water  be  imagined  to 
be  extended  as  far  as  the  heavens,  it  will  form  a  plane,  which, 
with  reference  to  a  spectator  placed  where  the  plunmiet  was 
supposed  to  be  suspended,  will  divide  the  visible  from  the  in- 
visible part  of  the  heavens.  This  plane  is  called  the  sensible 
horizon. 

Again,  conceive  another  plane  to  he  drawn  through  the 
centre  of  the  earth  parallel  to  the  sensible  horizon,  it  will  be 
the  spectator's  rational  horizon  or  simply  horizon. 
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In  the  annexed 
diagram  ATT  r&- 
presents  the  earth, 
C  bemg  its  centre. 
Now  let  BA  be  the 
direction  of  the  plmn- 
met  at  an;  poitat  A 
on  the  earth's  snr- 
fiice;  the  line  AB, 
produced  to  the  hea- 
vens will  furnish  Z 
the    zenitL     Again 

the  plane  hAV  drawn  perpendicular  to  the  zenith  line 
AZ,  will  be  the  sensible  horizon,  being  coincident  with  the 
sor&ce  of  the  stagnant  water  at  A ;  while  the  plane  HCH' 
drawn  parallel  thereto  through  the  earth's  centre,  will  be  the 
rational  horizon. 

In  Astronomy,  all  measurements  made  on  the  sarface  of  the 
earth,  are  referred  to  its  centre  or  to  the  rational  horizon 
MCff.  This  subject  has  already  be^t  adverted  to  at  p.  155, 
on  reference  to  which,  it  will  be  seen,  that  the  correction 
whereby  an  observation  is  transferred  to  the  earth's  centre,  is 
called  "'parallax."  This  parallax  is  always  of  small  amount, 
being  the  angle  subtended  hy  the  earth's  semidiameter  at  the 
object  observed.  The  sun,  the  moon,  and  the  planets  are  the 
only  celestial  bodies  which  are  liable  to  this  correction,  the 
etars  being  firee  irom  it,  owing  to  their  immense  distance  from 
the  eartii.  In  the  Appendix  ,will  be  found  a  Table  of  Parallax 
for  the  Snn.  Here  it  is  only  necessary  to  observe  that  it  will 
be  convenient  to  throw  the  sensible  horizon  out  of  considera- 
tion altogether,and  iupposing  the  observer  or  rather  his  eye  to 
be  placed  at  the  earth's  centre,  refer  the  definitions  of  the 
Astronomical  terms  to  that  point  at  once. 

To  a  spectator  situated  at  the  earth's  centre,  the  heavens 
will  appear  like  a  sphere  of  which  his  eye  will  be  the  centre, 
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the  stars  b^ng  placed  or  projected  cm  its  interior  sorfiice.  This 
being  admitted,  it  will  follow  horn  what  is  said  at  p.  548  of  this 
work,  that  the  rational  horizoD  is  a  great,  and  the  ieiuible 
horizon  a  small  circle  of  this  celestial  sphere. 

Now,  extend  the  zenith  line  ZA,  ontil  it  meets  the  rational 
horizon  HCB'.  This  junction  would  hare  taken  place  at  the 
centre  C,  if  tbe  earth  were  a  sphere.  Bat  a^  this,  bowerer.  Is 
not  the  case,  (the  earth  being  a  spheroid,  differing  in  a  small 
degree  from  a  sphere)  the  junction  aboye  adverted  to,  will 
occur  at  a  small  distance  from  the  centre.  Considering  the 
nature  of  the  computations  which  will  be  treated  of  in  this 
treatise,  no  sensible  error  need  be  apprehended  if  the  earth  is 
taken  as  a  sphere,  and  we  will  accordinglj  make  this  assump- 
tion, in  which  case  it  is  clear,  that  the  earth's  centre  C  will  be- 
come the  site  at  which  the  zenith  line  /l^  produced  will  meet 
the  rational  horizon  HCH'  as  represented  in  the  figure. 

Suppose  a  plane  to  be  drawn  through  the  zenith  line  CZ 
and  extended  to  the  heavens,  diis  will  be  a  vertical  plane,  and 
there  are  four  properties  belonging  to  it,  which  are  as  fol- 
lows : — 

IsL     It  will  be  perpendicular  to  the  rational  horizon. 

3ad.    It  will  always  pass  through  the  zenith. 

Srd.     It  may  be  drawn  through  any  given  point,  and 

4th.  The  figure,  which  it  will  trace  on  the  interior  sur&ca 
of  tiie  celestial  sphere,  will  be  a  great  circle  of  that  sphere. 

A  drcle  formed  In  tiiis  way,  by  the  section  of  a  vertical  plane 
with  the  celestial  sphere,  is  called  a  vertical  circle. 

To  illustrate  these  definitions,  we  will  suppose  that  in  lieu  of 
the  spectator,  a  theodolite  is  placed  at  the  earth's  centre  duly 
levelled  and  adjusted.  It  is  evident,  that  the  azimuth  circle 
will  become  coincident  with  the  ratiMial  horizon,  and  that  the 
telescope,  when  moved  round  in  altitude,  will  describe  a  vertical 
drcle  in  the  heavens. 

Altitudes  and  zenith  distances  are  measured  upon  vertical 
circles.     For  instance,  supposing  a  vertical  circle  to  be  drawn 
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throngli  an  object,  its  alUtade  will  be  that  part  of  the  vertical 
circle  intercepted  between  it  and  the  horizon.  Again,  the  zenith 
distance  of  the  object  in  qnestion  is  tia  arc  of  the  same  vertical 
circle  lying  between  it  and  the  zenith. 

The  zenith  being  90°  &om  the  horizon,  it  follows  that  when 
the  altitade  and  the  zenith  distance  of  an  object  are  added  toge- 
ther, the  sum  will  amount  to  a  quadrant  Hence  one  of  these 
elements  being  known,  the  other  may  be  found  by  deducting 
the  given  term  from  a  qoadrant  or  90°. 

We  will  now  attend  to  the 
phenomena  of  the  rising  and  si 
ting  of  stars.     With  this  view 
let  the  annexed  circle  represent 
the  plane  of  the  rational  horizon, 
Cbeing  its  centre  which  is  coin-  "r 
cident  with  the  centre  of  the  \ 
earth.      Suppose,  a    spectator, 
placed  at  this  centre  with  his 
face  turned  towards  South,  ob- 
serve a  star  to  rise  at  a  and  set 
at  a'.  Ag^,  let  him  in  a  similar 
manner  mark  the  points  b  and  y  of  the  rising  and  setting  of 
another  star.     Now  the  horizontal  arcs  a  a'  and  b  V  being 
bisectable  at  one  point,  let  this  point  be  S,    The  point  S,  so 
found,  is  called  the  Sonth  point  of  the  horizon. 

Suppose  now  a  vertical  circle  to  be  drawn  through  S,  it  will 
be  the  meridian  of  the  place  to  which  the  rational  horizon, 
adverted  to  above,  appertains.  Like  every  other  vertical  circle 
the  meridian  will  pass  through  the  zenith  and  be  perpendicular 
to  the  horizon.  In  additi<m  to  these  properties,  it  will  have 
this  peculiarity,  namely,  that  it  will  be  the  locua  or  the  line  of 
the  greatest  altitudes  which  stars  attain  to  during  the  day. 

An  altitude,  measured  on  the  meridian,  is  called  the  meridi- 
onal altitude,  in  contradistinction  to  altitudes  observed  upon 
other  vertical  circles. 
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As  stated  elsewhere,  the  meridian  cats  the  horizon  at  tlie 
south  point  or  iS.  It  will  likewise  intersect  it  at  another  point 
N,  which  is  called  the  North  point  of  the  horizon. 

If  a  vertical  circle  be  drawn  perpendicular  to  the  meridian, 
it  will  be  the  prime  vertical.  Like  the  meridian  the  prime 
vertical  will  intersect  the  horizon  at  two  pointa,  which  will  be 
the  East  and  West  points  of  the  horizon. 

In  the  preceding  diagram,  the  lines  NS  and  EfV  repfeaent 
the  projections,  the  former  of  the  meridian  and  the  latter  of  the 
prime  vertical  upon  the  plane  of  the  horizon;  the  points  A^  S,E, 
and  fT  standing  for  the  four  cardinal  points,  JV  for  North,  Sfor 
SouUi,  E  for  East,  and  Wtor  West. 

The  azimuth  of  an  object  is  meaaored  upon  the  plane  of  the 
horizon.  For  instance,  take  any  star  and  suppose  a  vertical 
circle  to  pass  through  it,  the  arc  of  the  horizon  intercepted  be- 
tween the  North  and  the  vertical  circle  aforesaid,  ia  called  the 
star's  azimuth. 

"  We  have  spoken  of  the  risings  and  settings  of  stars,  sucli 
as  they  will  appear  to  be  to  a  spectator  placed  at  C,  the  centre 
of  the  plane  of  the  horizon,  but  hitherto  we  have  said  nothing 
of  the  intervals  of  time  elapsed  between  their  respective  risings 
and  settings.  Now,  a  spectator,  in  the  Northern  climate,  look- 
ing towards  S,  the  South,  cannot  fail  to  remark  that  a  star  be- 
tween its  rbing  at  6  and  setting  at  ^  is  longer  above  the 
horizon  than  a  star  which  rises  at  a  and  sets  at  a',  which  kind 
of  inequality  takes  place,  and  in  a  greater  degree  with  every 
star  successively  placed  between  £  and  S,  But  he  may  also 
note,  tliat  every  star  takes  the  same  time  in  passing  from  its 
rising  through  its  setting  to  its  rising  again.  A  star,  therefore, 
at  a,  is  longer  below  the  horizon  than  a  st ^  at  b,  and  still  much 
longer  than  a  star  at  c.  But  a  star  rising  at  E,  the  East  point, 
has  this  peculiarity,  namely,  that  it  ia  above  the  horizon  exactly 
as  long  as  it  is  below.  On  this  account,  the  circle  in  which 
such  a  star  moves,  is  called  the  Equator."* 

*  Wuodhouae'a  Aslrunomy,  Vul.  I,  Fort  I,  Page  6. 
4  L 
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The  Equator,  traced  in  the  waj  described  above,  will  be  a 
great  circle  of  the  Celestial  sphere,  perpendicniar  to  the  meri- 
dian and  cutting  the  horizon  at  the  points  E  and  W,  Imagine 
now  a  line  to  be  drawn  from  C  perpendicular  to  the  plane  of 
the  Equator,  it  will  when  produced  Northward  and  Southward, 
point  to  the  North  and  the  South  poles.  This  line  is  called 
the  axis  of  the  Celestial  sphere. 

Besides  the  zenith  and  the  North  and  South  points  upon 
the  horizon,  the  meridian  of  a  place  will  pass  through  the 
Korth  and  South  poles  of  the  Celestial  sphere. 

The  axis  of  the  Celestial  sphere  coincides  with  the  earth's 
axis  of  rotation.  Again  the  planes  of  the  terrestrial  Equator 
and  meridian  as  laid  down  at  p.  548  when  extended,  will 
trace  on  the  interior  surface  of  the  Celestial  sphere  the 
Equator  and  meridian  defined  in  this  chapter. 

There  are  two  co-ordinatea  required  to  determine  the  posi- 
tion of  a  star  in  the  heavens,  namelj,  1st,  the  declination, 
and  2nd,  the  right  ascension.  The  simplest  definitions,  which 
can  be  given  of  these  terms,  are  aa  follows  :■ — Suppose  the  given 
star  to  transit,  or  come  to  the  meridian,  then  Its  declination  will 
he  the  arc  of  the  meridian  intercepted  between  the  star  and  the 
Equator,  ita  right  ascension  being  the  time  which  would  be 
shewn  by  a  siderial  clock  adjusted  tp  read  q/^^^  when  the 
first  point  of  Aries  passed  Uie  meridian. 

The  first  point  of  Aries  may  be  determined  in  this  way.  It 
js  well  known  that  either  on  the  20th  or  21st  March,  the  day 
and  iii^t  are  equal  or  nearly  so ;  or  which  is  the  same  thing 
the  snn  remains  as  long  above  the  horizon  as  below  it.  On 
the  day  that  this  equality  takes  place,  the  son  rises  due  East 
.  and  sets  due  West:  or  in  other  words,  it  occupies  a  point  in 
the  Equator,  which  point  is  called  the  first  point  of  Aries,  the 
origin  of  all  right  ascensions.  The  first  point  of  Aries  can 
always  be  determined  by  computation. 

Now,  the  declinatiOTi  of  a  star  will  be  North  or  South  accord- 
ing as  the  meridional  arc,  whereby  it  is  measured,  extends 
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towards  the  North  or  tlie  Soath  pole.  When  a  star's  declina- 
tion is  known,  its  Xorth  polar  distance  may  be  computed  in  this 
way.  When  the  declination  is  Soath  add  it  to  90° :  When  it 
is  Kortb,  subtract  it  from  90° :  the  sum  or  difference  so  obtained 
will  be  the  North  polar  distance  required. 

The  horary  angle  of  a  Celestial  object  is  the  time  it  takes  to 
come  to  the  meridian  or  the  time  it  has  passed  it 

The  latitude  of  a  place  is  an  arc  of  the  meridian,  intercepted 
between  the  Ei^oator  and  the  zenith. 

The  lon^tnde  of  a  place  or  rather  the  difference  of  longitude 
between  two  places  is  an  arc  of  the  Equator  intercepted  be- 
tween the  meridians  appert^ning  to  those  places. 

A  siderial  day  is  the  interval  elapsed  between  the  two  suc^ 
ceaure  transits  of  a  star  on  the  same  meridian.  It  is  divided 
in  the  usual  manner  into  hours,  minutes  and  seconds.  A 
clock,  truly  adjusted  to  siderial  time,  will  read  o.  a*  a  when 
the  first  point  of  Aries  passes  the  meridian. 

In  like  manner,  the  interval  included  between  the  sun's 
leaving  a  meridian  and  its  returning  to  it,  is  styled  a  solar 
day. 

Before  proceeding  any  farther,  it  is  necessary  to  shew  why 
a  solar  day  is  greater  than  a  siderial  day.  The  diurnal  motion 
of  the  heavens  from  East  to  West  is  only  apparent,  arising  from 
the  real  motion  of  the  earth  in  a  contrary  direction.  Suppose 
now,  that  the  sun  and  a  star  are  on  a  meridian  together  on  any 
given  day.  On  the  following  day  the  meridian  will  again 
meet  the  star  at  the  same  place,  but  not  the  sun,  which  will 
have  advanced  about  59"  towards  tha  "East,  which  arc,  therefore, 
will  require  to  be  described  by  the  meridian  before  it  can  reach 
the  sun,  whence  it  is  clear,  that  the  interval,  (siderial  day) 
included  between  the  transits  of  a  star,  will  be  less  than  the 
like  interval  (solar  day)  for  the  sun. 

The  solar  day,  however,  cannot  be  made  use  of  to  regulate 
and  adjust  a  clock ;  because  on  account  of  the  variable  motion 
of  the  sun,  it  will  not  be  of  the  same  length  throughout  the 
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year.  To  remedy  tliis  inconvenience,  astronomerB  imagine  a 
mean  Ban  moving  in  the  Equator  wiUi  the  true  sun's  mean 
velocity  in  the  direction  of  that  plane,  and  they  call  the  interval 
included  between  its  two  successive  transits  on  the  same 
meridian  a  mean  solar  day.  This'mode  of  reckoning  time  is 
in  general  use;  all  astronomical  clocks  and  chronometers  as 
well  as  common  watches  being  adjusted  by  it  The  Nautical 
Almanac  fumiahes  the  rules  for  deducing  the  transit  of  the 
mean  sun  from  that  of  the  true  sun. 

The  foregoing  are  all  the  astronomical  terms  which  occur 
in  this  work,  and  they  have  been  defined  in  a  way,  in  which 
it  is  hoped,  they  would  be  easily  apprehended  by  a  practical 
man.  Before  the  reader,  however,  proceeds  to  the  perusal  of 
the  following  Chapters  we  would  recommend  him  to  acqoire 
a  knowledge  of  the  Kantical  Almanac  by  attentively  read- 
ing over  the  explaDation  of  the  contents  appended  to  that 
work. 

It  is  of  considerable  importance  to  a  Surveyor  to  know  the 
names  and  positions  of  the  principal  stars.  The  following 
directions  from  "  Macksy  on  the  Longitude,"  will  be  found 
of  service : 

Os  THE  FiiED  Stabs. 

The  Fixed  SUra  are  ao  named,  because  thej  are  observed  to  retain  their 
reladre  places  with  reapect  ki  each  other.  Some  Stars  appear  to  be  of  a  sen- 
sible magnitude  to  the  naked  cje,  but  when  Tiewed  throug^h  a  telescope,  seem 
only  as  lucid  points,  without  any  apparent  diameter  ;  hence  their  immense  dia- 
tance  from  the  solar  system  is  inferred  and  conacqaently,  they  emit  tbeir  own 
light,  otherwise  they  woald  he  invisible.  It  is,  therefore,  reasonable  to  sup- 
pose them  to  be  so  many  snns ;  difliisiDg  light  and  beat,  to  planeta  revolving 
round  them. 

The  Stars,  with  respect  to  their  apparent  splendour,  are  dirided  iuM  orders, 
called  Maomitudeb.  The  brightest  are  called  Stars  of  the  First  Magnitude  : 
the  next  to  these  in  splendour.  Stars  of  the  Second  Magnitude,  and  so  on  to 
those  which  are  juat  perceptible  to  the  naked  eye,  and  which  are  called  Stars 
of  the  Sixth  Magnitude.  Those  which  cannot  be  discerned  without  the  assis- 
tance of  a  telescope,  are  called  Telescopic  Slari,  and  are  dirid^  ililo  orders  of 
the  ScTontb,  Eighth,  Ninth,  &c.  m^^iitudes  accordingly.    We  are  not,  how 
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erer,  to  infer  Erom  this,  that  the  Stars  can  be  exactly  reduced  to  one  or  other 
of  these  magmtudes,  for  the  Star  a  Aquilie  ia  reclioned  bj  some  to  be  of  the 
first  Magnitude,  and  others  esteem  it  of  the  second  ;  hence  those  StarB,  whose 
Magnitudes  are  doubtful,  are  generally  marked  in  catalogues  as  partaking  of 
both  Magnitudes — thas  a  Aqnile  is  nuu-ked  1.%,  eignifjring  that  It  ie  either  of 
the  first  or  second,  or  rather  between  these  Magnitudes  ;  and  v  Scorpionis  is 
marked  3.4,  as  being  between  these  Magnitudes  ;  and  the  figure  denoting  the 
magnitude,  to  which  the  Star  ia  nearest,  is  pat  first — thus,  S  Scorpionis  is 
marked  3.3  ;  sonifying,  therefore,  that  it  is  between  the  second  and  third 
Magnitudes,  bnt  nearest  die  third.  From  what  has  been  said  of  the  Magni- 
tudes of  the  Stars,  we  ore  not  to  suppose  that  their  sizes  are  in  the  ratio  of 
their  apparent  Magnitudes  ;  they  may  perhaps  be  nearly  of  the  same  bulk, 
bat  the  apparent  M^nitnde  of  a  Star  depends  on  its  distance. 

The  Stars,  for  the  pui^ose  of  findii^  any  one  more  readily,  are  divided  into 
parcels  called  Conbiell&tiohs.  These,  in  order  to  assist  the  imagination, 
ore  supposed  to  be  circumscribed  with  some  known  figore,  as  that  of  a  man, 
woman,  sAtp,  sexton^  &c.  and  those  Stars'which  lie  between  const«llatJons  are 
called  Unfobmbd  Stasb.  As  it  would  be  an  endless  task  to  give  a  proper 
name  to  each  Star,  it  has,  therefore  been  costomory  to  mark  the  Stars  of  each 
constellation,  with  the  letters  of  the  Greek  alphabet,  in  such  a  manner,  that 
the  first  letter  is  prefixed  to  the  brightest  Star,  the  sebond  letter  to  the  next 
in  brightness,  and  so  on.  Many  of  the  brightest  of  the  fixed  Stars  have  also 
proper  names — thus  (^  Boobe,  is  also  called  Archirtu ;  c,  Virginis,  is  called 
VitideBtialnx,  &c. 

The  celestial  sphen  is  divided  into  three  parts,  the  Zodiac,  and  the 

NOBTHEBH  and  SOTTTOBBK  HEMUraBRES. 

The  ZoDiAH  extends  to  about  8°  on  each  side  of  the  ecliptic,  and  contains 
the  orbits  of  all  the  planets  :  there  are  twelve  constellations  in  the  Zodiac. 
According  to  the  ancients,  there  were  31  constellations  in  the  Northern  hemis- 
phere, and  IS  in  the  Sonthem  i  and  conseqaeatly,  4S  constellations  in  the 
Zodiac  and  both  hemispheres.  Modem  astronomers,  however,  by  curtaiUng 
several  of  the  ancient  constellations  of  some  of  their  stars,  which  they  formed 
into  new  constellaUons  ;  and  by  formii^  into  conslellatious  the  unformed 
Stars,  or  those  which  lay  between  the  ancient  ones,  have  increased  the  nam- 
ber  of  constellations  in  the  Northern  hemisphere  to  npwards  of  40,  and  those 
in  the  Southern  to  about  48  ;  and  consequently,  there  are  upwards  of  100 
constellations  in  all.    The  names  of  these  constellatioiiB  are  as  follows  : 


ZODIACAL  COMBTELLATIOtrS. 

Bam.                        TLIbn, 

Tbt 

BaluH». 

Ban 

SBoorpio. 

S«r^n. 

Twins. 

Archer. 

0«t. 

Lidn. 

llAqiuditt, 

WatwBe 

Virgin. 

laPUow, 

KlllM. 
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NOKTHERN  COH8TELLATI0NB. 


I  C™.  Minor. 

Ills  LUtle  Bpk. 

ia  Triang.  Boroala. 

TheNortbemTriauglo' 

tVrmUMior, 

OnBtBaw. 

Eetmice'i  Hair. 

8I>r«o, 

IWon. 

*OiTb™. 

Cfpheui. 

Unieo™. 

EBODM, 

B»t«. 

as  Triutulnm  Hinu 

iatUeTri«gle. 

fl  Coroni  Bomlii. 

WLyn^ 

Ljnx. 

THwculM, 

H 

TCUl«. 

BSL«>  Minor. 

LilOc  Lion. 

SIJ". 

Th 

«H«p. 

aBArterimetChw*, 

Orerhouni). 

ecjgni., 

Bwu. 

SOCflrbena, 

CBrberm. 

CiHlorcia. 

81  Vu^wonta  et  A«er,  The  Poi  «a  Goom. 

11  Fenem. 

gIScnnunBabiHkl, 

Bobieiki'i  Shield. 

laAoTigi, 

Th 

s  W*gioaer. 

S3L»«ti, 

ThsLiuid. 

SlMoniMBnilni, 

TheSerpHit. 

StOorCuoli, 

ChrfM'  Heut.                                     ; 

IBBHttte, 

SBRmum. 

IBAq-lli^ 

E.^e. 

87LeMeBier, 

17ABtiD0IU, 

Ai 

tin«i. 

»9T«™EegJi., 

TheEoyJBnll. 

18  Delphinm, 

ThtDdphLi. 

B8  Friedrick'i  Ehre, 

Frederiek'i  Qlory. 

MEqnuleu., 

Hone  Hud. 

lC.P=g«u^ 

Flying  Hoi«. 

M^jor, 

iMoope. 

Andramed* 

ICrto., 

Tb 

0  While. 

28Dondo.onZiphi>i 

.  The  Bmrd  Fish. 

aorioo. 

Orion, 

»T0U0H1, 

Amerii^Hn  Oooee. 

8Brid«,n., 

SOHjdrn., 

4Lep»., 

Hue. 

SlSeitu., 

6Cui.l[qor. 

Gr-tDog, 

e  Cuii  UinoT, 

IJlUeDog. 

lorie. 

C»r«r. 

J  Argo  IfiYil, 

ShipArgo. 

33  Fomu  Chonio^  Chemiol  Fnmue. 

8H7d«, 

HTdn. 

Clock. 

Onp. 

3»Ee(ionlu., 

lOComu, 

Crow. 

SaCmlmn     Boilpton 

IlCantaonu, 

Centntr. 

OrBTingTooL 

llLnpiu, 

Wolf. 

37Eqnnleni   Piotorie,  The  Fiinter'.  Euel. 

13  Am, 

AlUr. 

JSFppBMiralio*, 

MBrinpr'i     Com. 

SoQthern  Cromi, 

PBM. 

IS  KsiHa  Aiutnlii. 

Southern  Fish. 

^  Antlin  Pneuuthw 

IS  Colombs  SoBchi, 

Ninl'a  Dove. 

lOOotuu, 

Oetut     or     Hidlej'B 

17  Bobet  Cuolinnra, 

BayslO&k. 

ISGna, 

Crwie, 

UCiieiDoi, 

IBPhanii. 

PhffiniT. 

4aHam>B, 

The  Squue  ud  Eule. 

Mlndn.. 

IndUu. 

Teletsape. 

MP.™, 

PeuDcb. 

M  Microsoopiom, 

J3Apn.,  oa  ^™J» 

BitdofFuradJiie. 

45M™MenMB, 

Table  Mountain. 

dita. 

16  SoUtaire. 

An  Indiu  Bird. 

MAi)i»,onJf««. 

BeeorFlj. 

»Cnii, 

Croffl. 

gisniuQ, 

2S  Chuaelioii, 

«  Tubus     HerMhelii 

Minor, 

Herachcri  leu  Tele. 

tCBliB, 

file. 

W  Piwes   Tolani,  » 

Fljing  Fi.h. 
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Three  more  Southern  cotuttelletions  have  been  lately  added,  viz.  MoHtgoi- 
fiei'a  BaUoon,  which  is  between  Sa^ttarius,  Capncon,  the  Southern  Fish,  and 
the  Microscope ;  the  Preu  of  OutUidierg,  between  the  great  dog  and  the  ship  j 
and  the  Cat,  between  Hydra,  the  ship,  compass  and  aur-pump.  The  two  first 
of  these  coDstellatioas  were  formed  by  astronomers  at  Qotba,  in  Upper 
Sazonj,  and  the  last  by  the  late  M.  Jerome  de  la  Lande. 

The  number  of  Stars  of  the  first  Magnitade,  in  the  EOdiac,  and  in  bo^i  he- 
mispheres, do  not  tunoont  to  twenty. 

The  Pleiades,  or,  as  they  are  more  commonly  called  the  Seren  Stars,  al- 
though only  ux  principal  stars  remain,  are,  it  is  presumed,  univeraally  known. 
Towards  the  S.  K  and  at  the  distance  of  nearly  14*,  ia  the  star  AMtbaran,  of 
the  first  magnitude,  and  of  a  reddish  colour,  which,  together  with  a  few  small 
stars,  form  a  triangular  figure.  Between  the  N.  and  E.  of  Aldebarao,  and 
about  the  angular  distance  of  45°,  is  PoUiu,  in  the  constellation  Gemini,  and 
a(  a  small  distance  to  the  N.  is  Castor.  From  Pollux  a  little  to  the  S.  of  E. 
at  the  distance  of  about  37°,  is  Stgalia,  ia  the  constellatioa  Leo  ;  and  from 
thence,  at  the  distance  of  about  94°  towards  the  Bast,  is  Spica  Virginis. 
From  this  star,  and  nearly  in  the  same  direction,  at  the  distance  of  about  4G°, 
is  Aalara,  of  the  first  magnitude.  From  Antares  to  Allair,  or  a  Aqailar,  in  a 
North-easterly  direetiOD,  the  angular  <^tance  ia  nearly  61°.  From  AltaLr  to 
Fomalkaiit,  in  a  South-easterly  direction,  the  distance  ia  about  99^°;  and  &om 
thence  to  a  Pegati,  or  Markab,  the  distance  is  aboat  45°  in  a  Northerly  direc- 
tion ;  and  from  a  Pegasi  to  a  ArietU,  the  distance  is  about  13  J°  In  a  direction 
alittle  to  the  South  of  East :  and  Aldabaran  is  distant  from  (X  ArietiB  about 
3S}°,  nearly  in  the  same  direction,  but  inclining  a  little  more  to  the 
South. 

Some  of  the  other  principal  fixed  stars,  which  may  be  employed  in  finding 
the  latitude,  and  the  apparent  time  at  the  place  of  obserration,  may  be  known 
by  tiieir  relative  bearing  and  distance  ik>m  those  already  described.  The 
following  few  direoUons  may,  probably,  be  acceptable  to  some  persona. 

An  imaginary  line  from  the  Pleiades  tbrougli  Aldetiaran,  at  the  distance  of 
about  16°  from  tiiat  star,  in  a  South-easterly  direction,  will  pass  throng 
Bellatrix,  of  the  second  magnitude,  in  the  constellation  Orion ;  and  towards 
the  East,  about  7  j°  from  BeUatrix,  is  Betelguese,  of  the  first  magnitude,  in  the 
aame  constellation.  To  the  South  of  these  stars,  and  nearly  on  a  straight  lino, 
and  at  equal  distances,  are  three  stars,  each  of  the  second  magnitude,  called 
the  Belt  or  Qirdle  of  Orion:  &om  the  belt,  towards  the  South  is  the  Sword  of 
Orion,  in  which  is  a  remarkable  nebula  ;  a  line  from  Betelguese,  between  the 
first  and  second  stars  in  the  belt  of  Orion,  will  pass  through  Bigel,  of  the  first 
magnitude.  From  Betelguese,  towards  the  East,  at  the  distance  of  about  26°, 
is  Procyon,  between  the  first  and  second  magnitudes,  in  the  constellation  Cauis 
Minor,  These  two  stars,  and  Sirius,  of  the  first  magnitude,  in  Cania  Major,  - 
towards  the  South,  form  nearly  an  equilateral  triangle. 
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From  Aldebaran,  iu  a  diroctioo  a  little  to  the  East  of  North,  and  at  the  dis- 
tance of  about  31°,  i«  CopeOa,  of  the  first  magmtndo ;  these  twit  stars  and 
Caator  Eonn  nearly  an  IboscbIss  triangle,  Capella  being  at  the  vertex.  A.  line 
team  Bigel  throng  Capella  prodnced  will  nearly  pau  through  Almeeaiah, 
<v  the  pole  Blar  t  the  distance  between  the  two  former  being  abont  64°,  and 
that  between  Capella  and  Alrucoabah  44°.  The  pole  star  is  the  lost  in  the 
tail  of  the  conitellatioD  Ursa  Minor,  which  constellation  contains  seven  prin- 
<npal  stars,  and  ia  similar,  bnt  different!;  posited  with  respect  to  Ursa  M^or, 
or  the  Oreat  Bear  t  the  two  Westernmost  stars  of  Ibis  constellation,  when  in 
the  hemisphere  Bonth  of  the  pole,  are  catted  Che  Pointera ;  as  a  line  tbrongb 
them  points  out^  or  is  nearly  in  a  direction  with  the  pole  star. 

Towards  the  South  of  Bt^na,  and  inclining  a  little  to  the  West,  at  the 
distance  of  ^mut  23  j",  is  Aiphard,  in  the  constellation  Hydra.  From  Kegnlos 
to  Deneb,  the  distance,  in  a  direction  to  the  North  of  East,  is  abont  231". 
From  SpicaTlrginis  to  Arctnnis,  in  a  Northerly  direction,  the  distance  is  33° ; 
and  nearly  in  a  line  between  them  is  Vuideaialrix,  in  Vago;  to  the  North  of 
this  star,  at  the  angular  distance  of  about  37^  degrees,  is  Cor  CardL  In  a 
North-eastwly  direction  from  Arcturus,  at  the  distance  of  19J°  decrees,  is 
Alphacca,  in  Corona  Barealis  ;  and  from  thence,  neatly  in  the  same  direction 
at  the  distance  of  about  39}°,  is  Vega,  or  a  Lyra,  of  the  first  magnitude.  At 
the  distance  of  47°  from  Spica  Virginis,  towards  the  South,  is  the  Northern- 
most of  four  stars,  forming  a  cross,  and  therefore,  called  the  Crosiers, 

Nearly  14°  to  the  North-east  of  Altair,  is  the  constellation  Delphinna,  in 
which  are  four  piincipal  stars,  in  form  of  a  rhomboid  ;  and  this  line  being 
produced  from  Ztelphinns,  m  the  same  direction  will  pass  throogh  Scheat,  a 
star  of  the  second  magnitude,  in  the  constellation  Pegasus.  About  13°  to  the 
South  of  Scheat,  is  Markab,  a  star  of  the  second  magnitude,  in  the  same 
constellation;  nearly  16^°  to  the  Eastward  of  Markab,  is  Algeiab  or  y  Pega^ 
of  the  second  magnitude;  and  abont  14°  to  the  Eastward  of  Scheat,  ia  a  Andro- 
medsi,  or  Alpherata,  a  star  of  the  third  magnitude,  in  the  head  of  Andro- 
meda. These  four  stars  form  a  figure  which  is  usually  caJled  the  Square  of 
Pegaara. 

From  a  Andromeda,  in  a  North-easterly  direction,  at  the  distance  of  nearly 
14}°,  is  Mirach  ;  and  S3|°  therefrom,  in  the  same  direction,  is  the  variable 
star  AlgoL  In  a  perpendicular  direction  from  the  middle  of  the  line  joining 
Mirach  and  Algol,  towards  the  North,  and  at  the  distance  of  abont  one-eighth 
of  that  line,  is  Almaach.  About  31  J°,  towards  the  North  of  Mirach  ia  Sckedir 
in  Cassiopeia  ;  this  constellation  coottuns  five  stars  of  the  third  magnitude 
and  ia  easily  known.  Between  the  South  and  West  of  the  Pleiades,  at  the 
distance  of  23°,  or  from  Aldebaran  26°,  is  Menhar,  of  the  second  magni- 
tude. Betelgoese,  ffigel,  and  Achemar  are  nearly  in  the  same  direction, 
the  distance  between  the  two  last  being  4^  times  of  dtat  between  the  two 
first. 
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CHAPTER  II. 


On  the  detbbminaxion  op  the  ekkoh  op  a  Coho- 
kohbteb;  and  of  the  Azimuth  op  the  Refek- 
RiNO  Mabk  pbom  observations  hade  at  ant  tisib 
ON  THE  Son  oe  a  known  Stab. 

When  a  chronometer  forms  a  part  of  the  equipment  of  a 
Surveyor,  the  first  thing  he  most  apply  himself  to  is  the 
determination  of  its  error.  Tiiia  may  be  easily  effected  by  an 
observation  taken  at  any  time  to  the  sun  or  a  star  in  the 
following  manner. — First,  to  begin  with  the  Ann,  which,  snp- 
pose,  is  on  the  east  of  the  meridian.  With  a  theodolite 
properly  adjusted,  take  the  altitude  of  the  sun's  upper  limb, 
noting  the  chronometer  time  of  the  observation.  Then  as  the 
sun  is  ascending,  allow  the  telescope  to  stand  at  the  same 
elevation,  and  mark  the  chronometer  time  when  the  lower 
limb  attains  to  that  altitude.  This  will  complete  observations 
on  one  face  of  the  instrument,  and  similar  observations  being 
repeated  on  the  other  face,  there  will  be  two  observed  altitudes 
and  four  chronometer  times,  the  mean  of  the  former  is  obvi- 
ously the  altitude  of  the  sun's  centre,  divested  of  instrumental 
errors  ;  the  chronometer  time  corresponding  thereto  being  the 
mean  of  the  four  observed  times  aforesaid.. 

On  the  other  hand,  when  the  sun  is  on  the  west  of  the 
meridian,  and  descending,  the  lower  limb  will  require  to 
be    observed   first  and  then  the  upper;  a  contrary  procedure 
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being  fullowed  on  the  eastern  side,  because  the  sun  was  ascend- 
ing. With  the  exception  of  this  difference,  the  ohservations  oa 
both  sides  the  meridian  are  to  be  conducted  in  exactly  the 
same  manner. 

The  altitude  of  the  sun's  centre  being  derived  in  the  way 
described  above,  the  next  step  is  to  clear  it  of  refraction  and 
parallax,  {vide  appendix,)  an  operation  which  will  famish  what 
is  technically  called  the  trae  altitude.  Deduct  this  altitude 
from  90°,  the  remainder  will  be  the  zenith  distance  of  the 
sun '8  centre. 

Besides  the  zenith  distance,  there  will  be  two  other  quanti- 
ties required  in  the  present  computation,  and  these  are,  1st. — 
The  sun's  north  polar  distance,  and  2nd. — The  colatitude  of 
the  place  of  observation:  the  former  may  be  taken  out  &om 
the  Nautical  Almanac,  while  the  latter  must  be  derived  &om 
observations  made  for  that  purpose,  or  from  a  previous  survey 
operation. 

The  three  elements,  viz.  the  sun's  zenith  and  north  polar 
distances,  and  the  colatitude  of  the  place  being  obtained,  the 
compntation  of  the  chronometer  error  may  be  perlbrmed  io 
the  following  manner: 

1st  Collect  into  one  sum  the  zenith  and  the  north  polar  dis- 
tance of  the  sun,  and  the  co-latitude  of  the  place,  and  take 
its  half:  then  diminish  the  half  sum  by  1st  the  zenith  dis- 
tance, 2nd  the  north  polar  distance,  and  3rd  the  colatitude,  and 
call  these  differences  in  the  order  in  which  they  are  taken, 
D>.  JD^,  -D,. 

2nd.     To  the  ]<^  cosecant  of  the  half  sum  as  taken  above, 
add  the  log  cosecant  of  7>i,  and  the  log  sines  of  Dg  and  D, ; 
the  sum  divided  by  2  is  the  log  tangent  of  an  arc,  which  being' 
found  and  doubled,  will  furnish  the  sun's  horary  angle  at  the 
time  of  observation. 

3rd.  The  horary  angle  being  in  space  must  now  be  con- 
verted into  time,  and  then  subtracted  from  the  mean  time  of  the 
apparent  noon  or  added  thereto,  according  as  the  observation 


jM,Cooglc 


659 

was  made  on  the  east  or  west  of  the  meridian."  The  difference 
or  the  sum,  (as  the  case  may  be,)  so  obtained,  will  be  the 
mean  time  of  the  observation. 

This  mean  time  may  now  be  compared  with  the  mean 
obserred  time,  and  the  difference  between  the  two  will  be  the 
error  of  the  chronometer. 
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•  For  fBcilitating  thn  conreraion  of  space  into  time  and  vice  verad,  the  fol- 
lowing Tables  are  sul^oined: 
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On  account  of  the  difficulty  of  intersecting  the  soil's  centre^ 
four  ohservations  as  has  heen  seen,  are  necessary  to  determine 
its  altitude.  Such  a  rigorous  procedure,  howerer,  is  not  requir- 
ed for  a  star  which  is  a  small  object^  and  easily  intersected. 
With  a  properly-adjusted  theodolite,  take  two  altitudes  to  a 
star  one  on  each  face,  noting  the  chronometer  time  of  each 
observation.  The  mean  observed  altitude,  as  likewise  the  mean 
observed  chronometer  time  being  computed,  and  the  former 
cleared  of  refraction,  the  deduction  of  the  horary  angle  may  be 
taken  in  hand,  for  which  the  process  to  be  followed  is  the  same 
as  that  for  the  sun.  The  horary  angle  being  deduced,  it  must 
now  be  added  to  or  subtracted  from  the  star's  apparent  right 
ascension,  according  as  the  observation  was  made  on  the  west  or 
east  of  the  meridian.  The  resulting  sum  or  difference  will  be 
the  siderial  time  of  the  observation,  which  reduced  to  mean 
solar  time,  and  compared  with  the  mean  observed  time,  will 
furnish  the  error  of  the  chronometer. 
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Analo^us  to  this  procesa  of  ascertaining  the  error  of  a  chro- 
nometer, there  exists  a.  method  for  determining  the  azimuth  of 
a  Survey.  To  accomplish  the  latter  object,  the  Surveyor 
will  establish  a  referring  mark  at  the  distance  of  a  mile  from 
the  station  of  observation,  so  that  it  may  be  visible  with  the 
solar  focuB  of  the  telescope  attached  to  his  theodolite.  When 
the  referring  mark  has  been  selected  with  due  regard  to  this 
condition,  he  will  proceed  with  his  observations  upon  the  sun 
in  the  following  manner. 

Adjust  the  theodolite  over 
the  station  dot,  and  take 
A  reading  to  the  referring 
mark,  after  which,  turn  the 
telescope  to  the  sun,  and 
placing  it  in  one  of  the  four  o— 
angles  of  the  wires,  make 
those  wires  tangents  to  its 
sides,  as  shewn  in  the  annex- 
ed figure,  in  which  AB  and 
CD  represent  the  wires  and 
5,5;  S',  S'  the  sun.  Now 
read  off  the  horizontal  and  vertical  limbs  of  the  instmment. 
This  done,  take  a  similar  observation  of  the  son  in  the 
opposite  angle  of  the  wires,*  after  which,  bring  the  teles- 
cope to  the  referring  mark,  and  take  a  aeccHid  intersection 
thereof. 

Now,  compute  the  difference  between  tlie  first  azimuthal 
reading  of  the  referring  mark  and  the  like  reading  of  the  sun, 
this  will  be  one  angle.  Again,  performing  similar  operation 
upon  the  second  pair  of  readings,  there  will  result  another 
angle*  The  mean  of  these  two  angles  will  obviously  be  the 
angle  between  the  son's  centre  and  the  referring  mark  on 
one  face.    In  like  manner,  the  mean  of  the  vertical  angles 

•  In  the  Diagram  the  ^  S  U  oppoeite  to  the  ^  5  and  the  Z  S'  «  S'- 
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observed,  will  be  tbe  altitude  of  the  sun's  centre  on'the  same 
face. 

Similar  observations  being  made  on  the  reversed  face  of 
the  instrument,  there  will  nitimately  arise  a  horizontal  angle 
and  an  altitude,  analogous  to  the  horizontal  angle  and  altitude 
mentioned  above.  The  mean,  therefore,  between  the  two 
horizontal  angles  so  deduced,  will  be  the  angle  between  the 
referring  mark  and  the  ann's  centre,  cleared  of  facial  error. 
For  the  same  reason,  the  mean  between  the  two  altitudes  will 
be  the  elevation  of  the  sun's  centre,  divested  of  all  instru- 
mental discrepancies. 

The  foregoing  data  being  obtained,  the  next  step  is  the 
computation  of  tjie  sun's  azimuth.  The  elements  involved 
in  this  deduction  are  Ist — ^Tbe  sun's  true  zenith  distance ; 
2nd — Its  north  polar  distance,  and  3rd — The  colatitude  of  the 
place : — the  mode  of  deriving  which,  having  been  explained 
in  a  former  part  of  this  chapter,  it  will  not  be  necessary  to 
enter  into  that  subject  again  at  this  place. 

Combine  into  one  sum,  the  sun's  north  polar  and  zenith 
distances  and  the  colatitade  of  the  place,  and  take  its  half. 
Diminish  this  half  sum  by  Ist,  the  north  polar  distance, 
2nd,  the  zenith  distance,  and  3rd  tbe  colatitude,  and  call  these 
differences  taken  in  succession  D',  jy  and  U". 

To  the  log  cosecant  of  half  sum,  add  the  log  cosecant  of 
jy  and  log  sines  of  D'  and  U".  The  resnlting  amn  divided 
by  2  will  be  the  log  tangent  of  an  arc,  which  being  found 
and  doubled,  will  be  the  sun's  azimuth  at  the  time  of  obser- 
vation. 

The  sun's  azimuth  as  deduced  above,  originates  from  the 
north,  and  extends  towards  the  east  or  west  as  the  observation 
was  made  on  one  or  the  other  side  of  the  meridian.  Apply 
DOW  this  azimuth  to  the  mean  observed  angle  between  the 
sun's  centre  and  the  referring  mark,  the  resulting  arc  will  be 
the  required  azimuth  of  the  latter. 
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Obeerrsd  An^  b«tw«ea  0  Mid  nforrini  mark,  4S    SI    40 

AilmntliirfttMnATriiicmu'k,       IM    DO    IS 

To  make  the  foregoing  process  of  observation  and  compa- 
tation  applicable  to  a  star,  take,  as  in  the  caae  of  the  sun, 
its  altitude,  and  the  angle  which  it  may  be  inclined  to  with  the 
referring  mark.  These  observations  will  require  to  be  re- 
peated on  both  faces  of  the  theodolite,  and  the  mean  results 
taken,  to  free  the  latter  from  instrumental  errors.  This  done, 
clear  the  mean  observed  altitude  of  refraction,  and  deduce 
therefrom  the  star's  true  zenith  distance.  With  this  element, 
and  the  star's  apparent  north  polar  distance,  and  the  given  co- 
latitude  of  the  place,  compute  the  star's  azimuth  in  the  same 
way  as  in  the  case  of  the  san,  which  azimuth,  applied  to  the 
mean  observed  angle  between  the  star  and  the  referring  mark, 
will  furnish  the  azimuth  of  the  latter. 

To  give  the  Surveyor  an  idea  of  the  accuracy  attainable  by 
this  method  of  determining  the  azimuth,  the  results  of  thirteen 
observations  taken  in  the  Revenue  Survey  of  the  24-Pergun- 
nahs  are  here  given  the  mean  whereof,  when  compared 
with  the  corresponding  azimuth  in  the  Trigonometrical  Sur- 
vey, exhibits  an  error  of  27". 
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Results  of  observations  taken  at  No.  39,  Park  Street,  with  a 
Troughton  and  Simms's  7-inch  Theodolite  of  CoL  Everest's  or 
East  India  Company's  Pattern. 


^ 

«t™.^.. 

I>«dd<»d  A» 

■Si- 

I7th  Oct,  1848 

„Ca«^„p,i^ 

168 

1     44 

19th    „ 

a  Scorpio  (Antires.)        

1      12 

23rd    „       „ 

a  Bootes  (Arcturus,)        

i     32 

Ditto, 

0       8 

asth  „ 

0     50 

Sad  Not.,   „ 

II  UreiB  Mnjor,       

0     22 

3rd    ,.        „ 

1     38 

3rd    „        „ 

a  Scorpio  (Antares,)        

1     44 

3rd    „        „ 

a  T»im  (AJdeba^H^)       

1     39 

6th    „ 

a  Aurig,  (CapelK)         

1     SB 

8th    „ 

<iT8nri(Aldeb»r»ii,)       

1       8 

8th    „        „ 

a  Lyr».  (Vega.) 

1     36 

8th  ma.,  1849 

Sun 

I     33 

Mean 168     11     34 

B;  Great  Trigoaometncal  Snrrej, 168     11     SI 

Discrepancy -     ... 27 

These  azimuths  originate  from  the  north ;  that  of  the  Great 
Trigonometrical  Survey  is  derived  in  the  followiil^  manner: 

Azimuth  of  39,  Park  Street,   from  La  Martiniere,')  o    i     , 

measured  from  Bonth,  furnished  by  the  Officer  in  chargvt 168  1 1  S3-3 

of  the  Coast  Series,  \ 

The  same  aagmented  by  fl"  or  180° , _ 84S  11  SS-3 

Correction  for  the  convergency  of  the  Meridiaa  or)  „ 

AA  of  page  432.  i 

Azimuth  of  I^  Martiniere   from  39,  Park   Street,}  _.„  ,,  j,.- 

reckonedfrom  south J  

The  same  reckoned  from  North, I68'll'50'7 
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CHAPTER  III. 


Ok  the  dbtebmination  of  the  ebsob  and  bate  of 

A    ChBONOHETEB,    upon  mean  SOLAB     and  SIDEBIAL 

Time,  fbom  hebidional  obsebtations. 

When  tlie  direction  of  the  meridian,  or  which  is  the  same 
ttung,  the  azimuth  of  the  referring  mark  is  known,  the  most 
convenient  method  of  determining  the  error  of  a  Chronometer 
Dpon  mean  solar  time  is  bj  taking  a  meridional  ohserration 
of  the  BOD.  With  this  view,  about  half  an  hoar  before  noon, 
plant  the  theodolite  over  the  station  dot,  and  perform  thereon 
all  the  necesBary  adjustments.  This  done,  take  a  reading  to 
the  referring  mark,  and  apply  thereto  the  azimnth  of  that  point ; 
the  resulting  reading  will  obviously  be  the  direction  of  the 
meridian.  The  instrument  being  now  set  to  this  reading  and 
clampt,  fix  the  telescope  to  the  required  altitude  of  the  snn, 
and  await  its  coming.  When  the  sun  has  entered  the  teles- 
cope, bring  it  into  the  middle  of  the  field  by  the  motiou  of  the 
Tertical  tangent  screw  alone,  and  then,  as  it  advances  forward, 
note  the  Chronometer  times  of  the  contact  of  the  first  and 
second  limbs  with  the  vertical  wire  of  the  telescope.  Half  the 
sum  of  the  two  observed  times  will  furnish  the  transit  of  the 
sun's  centre  over  the  vertical  wire>  or  the  meridian  of  the 
station  of  observation.* 

*  In  case  both  \be  limbs  bare  not  been  observed,  the  method  wherebj  tha 
transit  of  the  bud's  centre  may  be  derived  from  the  transit  of  one  of  the 
limbs  is  as  follows.  In  the  Nautical  Almaoac  is  registered  the  eiderial  time  of 
the  sun's  Semidiameter  passing  the  meridian  for  every  day  in  the  year.  Take 
this  time  and  add  it  to,  or  subtract  it  from,  tha  observed  Chronometer  time, 
aecording  as  the  lat  or  the  Sndlimb  was  taken,  the  resulting  sum  ot  difference 
will  be  Oie  required  Chronometer  time  of  the  transit  of  the  snn'i  centre. 
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When  the  sun's  centre  passes  over  a  meridian,  it  is  apparent 
noon  there.  The  mean  time  of  the  apparent  noon  for  a  given 
daj  at  any  place  being  deducible  from  the  Kautical  Almanac, 
it  is  clear,  that  this  time  compared  with  the  obseryed  time  of 
the  transit  of  the  son's  centre  as  deduced  above,  will  obvions- 
Ij  furnish  the  error  of  the  Chronometer. 

Again,  the  difference  of  the  errors  of  the  Chronometer  on 
two  saccessive  days  will  be  its  rate^ 


1" 

Tranaitaoftlie 
twoLimbe. 

Transit  of 
the  Centre. 

M^Tims 

EtTor. 

Rate. 

Gtli 

h.m.     . 
J   0    2  63-01 
t   0    6    30} 

b.m.    t. 
0    3  S7-e6 

h.  m.    8. 
23  48S6'04 

Past 
h.  n>.     .. 
0    15  31-91 

etb 

(  0    3    8-01 
(  0    6   170j 

0    4  12-M 

33  48    e-67 

0    16    3-93 

ssts 

7th 

(  0    3  220) 
t  0    6  31-Of 

0    i  2650 

33  47  61-60 

0    16  3filW 

3107 

8th 

(  0    3  38-61 
f  0    6  476j 

0    4  43-00 

33  47  34-88 

0  17  e-H 

33-14 

Circumstances,  however,  will  sometimes  happen,  which  will 
prevent  the  sun  &om  being  observed.  In  this  case,  it  will  be 
necessary  to  resort  to  the  transit  of  a  star,  which  may  be  taken 
in  the  following  maimer: — The  theodolite  being  duly  adjusted 
in  the  plane  of  the  meridian,  the  telescope  may  be  fixed  to  the 
altitude  of  the  star.  When  the  star  appears  in  the  field  of  the 
telescope,  it  must  be  brought  to  the  middle  thereof,  as  in  the 
case  of  the  sun,  by  the  motion  of  the  vertical  tangent  screw 
only.  This  done,  note  the  Chronometer  time  of  the  star's 
passage  over  the  vertical  wire,  which  will  be  the  observed  time 
of  the  transit. 
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It  is  always  convenient  to  select  a  Naatical  Almanac  star 
for  such  observations,  becanse  its  apparent  right  ascension 
being  given,  the  computation  of  its  transit  wUl  present  little  or 
no  difficulty.  For  this  reason  we  will  suppose  that  a  Nautical 
Almanac  star  has  been  taken.  Now,  the  siderial  time  of  its 
transit  is  known,  it  being  the  star's  apparent  right  ascension  at 
that  instant,  an  element  which  is  furnished  bj  the  Nautical 
Almanac.  Again,  the  same  work  gives  the  siderial  time  of 
the  mean  noon  for  every  day  in  the  year.  For  any  given  day 
therefore  take  the  siderial  time  of  the  mean  noon  corrected  for 
the  longitude  of  the  place  of  observation,  and  deduct  it  from 
the  star's  apparent  right  ascension,  the  difference  will  be  the 
siderial  interval  between  the  mean  noon  and  the  star's  transit; 
which  interval  converted  to  mean  solar  time,  will  be  the  mean 
time  of  the  transit  in  question.* 

The  mean  time  of  the  star's  transit  being  computed,  it  may 
be  compared  with  the  observed  time,  and  the  error  and  rate  of 
the  Chronometer  determined  in  the  same  way  as  in  the  case  of 
an  observation  on  the  sun. 


i 

cennon. 

Siderial  1^018 

of 
MeanHwm. 

Maan  Time 
of  *'b 
Transit. 

Chronoma- 
lerTimaof 
Tnagit. 

Error. 

Bate. 

7t!i 

h.  m.      1. 

8    0   36-64 
8    0   36-63 

OM   27^ 

0  57   24-21 

1  1   20-76 

7  "s"  69-68 
7    2     3-10 
6  68     7-18 

9^'  51%3 

9  28   M-9e 
9  20   37-60 

Fa«t. 
h.m.   a. 
2  26  63-71 

2  27  41-88 

2  38  30-62 

Gaining. 

49-17 

4874 

Snch  is  the  way  in  which  the  error  and  rate  of  a  Chrono- 
meter axe  computed  upon  the  mean  solar  time.  If  the  error 
and  rate  are  required  upon  the  siderial  time,  however,  the 

*  The  method  of  converting  a  Biderial  interval  into  a  mean  solar  intprval 
and  vkt  versa  ia  explained  in  the  Nautical  Almanac,  (pages  S54  to  SS7.) 
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procedure  to  be  followed  is  exactly  similar  to  that  jast  des- 
cribed.  For  instance,  suppose  a  transit  of  the  sun  or  that  of 
a  star  has  been  taken,  the  apparent  right  ascension  of  the 
object  observed,  compared  with  the  time  of  observation  will 
furnish  the  error  of  the  Chronometer  upon  siderial  lime. 
Again  the  comparison  of  two  errors  determined  in  this  waj  on 
two  consecutive  days,  will  give  the  required  rate. 

As  an  example  of  this  computation,  take  the  same  observa- 
tions made  on  the  sun  at  Kaliana,  in  October  1836^ 


DedMtion  qf  the  Siderial  error  and  rate  nf  a  Chromimtter. 
Kaliana  Station  tifob$en>alien. 

October 
1836. 

Transit  of  ©'8 
oeatra. 

Apparent  Wght 
Ascension. 

Error. 

Rate. 

Slh, 

h.    m.      B. 

0      8     5795 

h.    m.      ». 
12    44    18'61 

Slow, 
b.    m.      B. 

12    40    20.66 

LoBiDg. 

eth 

0      4     1350 

13    47    67-64      13    43    45-14 

3     34-48 

701, 

0      i    86-60 

13    61    37-09      12   47    10-69 

3     25-45 

8lh 

0      4    43-00 

IS    65    16-96      13    50    33-95 

3     23-36 

In  the  preceding  computation,  it  is  assumed,  that  the  true 
azimuth  of  the  referring  mark  is  given,  and  that  the  theodolite 
has  been  exactly  placed  in  the  plane  of  the  meridian.  It  is 
evident,  that  these  are  conditions,  which  cannot  be  readily 
fulfilled  in  practice.  For  instance,  it  may  happen  that  only 
an  approximate  azimuth  of  the  referring  mark  is  forthcoming; 
or  that  if  the  true  azimuth  is  known,  the  theodolite  has  not 
been  truly  adjusted  thereto.  In  either  case,  therefore,  there 
will  be  an  error  in  the  setting  of  the  instrument,  and  when 
that  error  is  known,  the  observed  time  of  the  sun's  or  the 
star's  transit,  will  require  to  be  reduced  to  the  meridian,  which 
may  be  done  in  the  following  manner: 

To  the  logarithm  of  the  azimuthal-deviatiou  of  the  theodo- 
lite from  the  meridian  taken  in  seconds,  add  the  log.  sine  of 
the  zenith  distance  of  the  object  observed,  the  log.  secant  of 
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its  decliDation,  and  the  arithmetical  complement  of  the  loga- 
rithm of  15,  the  natural,  number  answering  to  the  sum,  will 
be  the  required  correction  in  seconds  of  time,  positive  if  the 
transit  observation  were  made  to  the  East,  and  negative  if  it 
were  taken  to  the  West  of  the  meridian. 

When  this  correction  is  applied  to  the  observed  time  of  the 
transit,  the  resulting  element  will  be  the  true  Chronometer 
time  of  the  meridional  passage  of  the  sun  or  the  star  observed. 

At  Q.  T.  Station  Noh,  the  Theodolite  was  placed  3".  839  to  the  west  of  the 
n  the  6th  Apnl  1B3T,  and  the  transit  of  IS  Argm  olnerred.    The 
to  the  traiuit  time  for  this  AzimntliBl  deviation  may  be  computed 
aa  follows: 

Aomntlial  deriation, 3*835  Log.  0-58377 

Zenith  IKstance  of  15  Argna SI    41    10    Sin.  T89466 

South  Declination  of  the  same 23    50    26    Sac.   OilSBTS 

A.C.  ofLog.  IE 2^2391 


Correction  in  seconds  of  time,         — O-SS    LogT'SllOT 


How,  the  obaerred  time  of  the  transit  was  9*.  ag."  45-20,'  which  being 
diminished  by  this  correction  will  famish  9."  29."  44',9e,  as  the  Chronometer 
time  of  the  star's  passage  over  the  meridian.  Accordingly  this  corrected 
time  has  been  mode  use  of  in  computing  the  Chronometer  errors  at  p.  668. 
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CHAPTER  IV. 


On  the  determination  of  the  ebbob  op  a  Chro- 
nometee  fbom  ob8eevatiom3  on  a  high  and  lott 

STAB. 

Thebe  is  a  method  of  ascertaining  the  error  and  rate  of  a 
ChroDometer,  which  only  requires  an  approximate  knowledge 
of  the  azimuth  of  the  referring  mark.  The  method  consists  in 
taking  the  transits  of  a  high  and  low  star*  with  a  theodolite 
placed  as  nearly  as  possible  in  the  plane  of  the  meridian.  The 
only  preeaation,  to  he  attended  to  in  taking  these  obserrations,  is 
that  when  the  inatmment  is  once  set  to  the  meridian,  it  must  not 
he  moTed  in  azimuth,  until  both  the  repaired  transits  are  taken. 

The  transits  of  a  high  and  low  star,  taken  as  directed  above, 
famish  two  results  at  once ;  namely,  1st,  the  deviation  of  the 
instrument  &om  the  plane  of   the  meridian,  and    2nd,  the 

*  "  Id  geDeral,  Qie  two  stars  suitable  for  this  purpose,  ought  to  hare  oppo- 
site declinations,  one  North  anil  the  other  South,  having  nearly  the  same  right 
ascension,  and  being  removed  from  each  other  by  not  less  than  fort]'  degrees." 
—  Ptarnm'*  Astronomi/,  Vol,  2nd,  p.  331. 
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error  and  rate  of  the  Chronometer.  The  former  of  tbeae 
articles  haviiig  been  treated  of  in  sofficient  detail  in  a  former 
part  of  the  work  (pages  175,  176)  it  need  not  again  occupy 
our  attention  at  this  place ;  the  latter,  however,  is  the  especial 
subject  of  this  chapter,  and  to  that  accordingly  we  will  direct 
the  attention  of  the  reader. 

The  problem  of  determining  times  from  the  transits  of  a 
high  and  low  star,  may  be  divided  into  two  cases :  Ist,  when 
the  high  star  is  observed  above  the  pole,  and  2nd,  when 
it  is  taken  below  the  pole.  Each  of  these  cases  may  again 
be  subdivided  into  two  others,  with  reference  to  the  North 
or  Soath  position  of  the  low  star  with  respect  to  the 
eqnator. 

The  separate  consideration  of  the  several  cases  is  necessary 
to  the  due  understanding  of  the  formulae,  which  will  be  given 
presently. 

We  will  suppose  that  the  stars  selected  for  observation  are 
those  of  the  Nautical  Almanac,  and  use  the  following  symbols 
to  designate  the  computed  and  observed  elements,  appertaining 
to  tbem. 


ExplanaHon  of  thi  Symbols. 


High  Star.     Low  Star. 


n  in  the!  ■ 
ite  near-  > 


Apparent  Declination  f 

Nautical  Almanac  for  the  date  n 

est  tlie  Dme  of  observation. 
Apparent  Bight  Ascension  at  the  time  )  I 

of  Transit,       J  j 

Obserred  time  of  Transit,     

Correction  for  time  of  Transit,       


X  ^  Latitude  of  the  place  of  observation.. 
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To  COMPUTE  ('. 

Take  the  difference  between  the  right  ascensions  of  the  two 
stars,  and  convert  it  to  Chronometer  time ;  compute  likewise  the 
difference  between  the  observed  times  of  their  transits ;  subtract 
one  difference  from  the  other,  and  call  the  resulting  quantity  t', 
which  will  require  to  be  taken  in  seconds  and  in  decimals 
thereof. 

The  fundamental  quantity  t'  being  computed,  the  corrections 
Sp  and  Sp"  may  be  deduced  by  the  following  formulce: 

Case  I, — When  the  high  star  is  observed  above  the  pole, 
the  low  star  having  north  declination. 

C03tfsill(rf— \)      , 
^P  =  coaXain(d-rf)"' 

COS  dan  (k — (f) 
The  low  star  having  south  declination. 


coeX,an(d-^-d) 


Table  exkibiling  the  tigm  of  corrections  Sp  S[  Sp'.           | 

Conditions. 

Sigmoteor,ection.| 

Ip 

¥ 

When  the  W  star  transits  alter  the  high  star,  or 

f-l  >  .ai'— JR 

f-l  Z  M'-2R 

When  the  high  star  transits  after  the  low  star,  or 

C-f  >   M-M' 

t-t'  z  m^ir' 

+ 
l>f. 

+ 

+ 
+ 
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Case  II, — When   the  ku/fi  ttar  is  observed  below  the  pole, 
the  low  star  having  north  declination. 

,  ,      COS  d.  sin  (X — df) 


The  low  star  having  south  declination. 
,cos  A  sin  {a — a) 


Table  exbibitmg  the  tigns  of  correcttoju  ip  dr  Sp'.             1 

Conditiona. 

Signs  of  correction. 

Sp 

jy 

When  the  low  star  transits  after  the  high  star,  or 

f-l  >  M'-m 

e-t   Z  M—M 

When  the  high  star  transits  after  the  low  alar,  or 

t-f  >   1R-2R' 

t-f   Z  M~M' 

<■><■ 

+ 

+ 

+ 
+ 

Of  the  four  heads  onder  which  the  formulae  of  computation 
are  given,  the  intelligent  Surveyor  will  take  that  which  will 
suit  his  case,  and  proceed  with  his  arithmetical  deductions 
accordingly. 

When  Sp  and  3/  are  computed,  and  proper  signs  affixed 
thereto,  they  may  be  applied,  the  former  to  *,  and  the  latter  to 
f;  the  resulting  elements  will  be  the  times  of  the  meridional 
passages  of  the  stars  observed ;  whereby  the  errol"  and  the  rate 
of  the  Chronometer  may  be  easily  determined. 
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A 

?   ?   ?   s   ? 
-   s   s   ^   ;;   :s 

+   +   +  +   + 

* 

.  i  i  1  I  i 
1   1   1   1   1 

-■ 

^  iilil 

1 

•P      ■?       9      9      K- 

'  i  s  i  ;  s 

s 

.   1   !   g   i   1 
a    «    »    .    -    s 

1 

«       9       ^       M       ^ 

■'     3     S     S     3     - 
d    S    S    3    S    5 

ji      -      -      -      -      - 

^  v 

.55??? 

■  3  1  3  s  1 

■  3 

,  ?  s  ?  s  s 
3  J  3  1  3 

il 

i     S     1     ?     S     ? 

s  s   s  s   s 
'i    s    s   s    g    g 

1 

,     IS     S     5     S     S 
^    S    8    «    S    g 

J  §  i  i  g  i 

c 

-3     =     22 
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TaUr  iikUiUiiis  On  n 


I  ahunatitiu  taken  at  Sora,  Kan 


a'  CaprUornL                                           1 

D>bi. 

Tmi«,>f 

.p' 

Conerted. 

■*155"' 

c^.».      1 

Bn™. 

H*l.. 

9 
11 
IS 

h.  ni.      1. 

1  u  tao 

1    «    W'2 
1    W    2I'2 

1  n    e-3 

—  o» 

-o-ea 

1    5S    IS'W 
1    Si    B7'U 
1    W    8§Stl 

1    U      »M 

SO  e  so-u 
a)  B  vyn 

18  IS  170* 
18  IS  SS'tt 

18  IB  ea-M 

S  18-4S 

S  1761 

X  {7rA£  ^I'noru.                                          1 

IM«. 

"HT 

SP 

CoiTMt«a. 

ISl 

Brror.      |    Bite. 

e 
u 

IS 

2      1    98-0 
1     W    MS 

1  w    eo 
I  a  is-o 
1  w  «« 

+    tBM 
+  67« 

+  lies 
+  «o 

h 

b  m 

^ 

1    S7      3« 
1    B3    MAS 
1    U    38-4S 

»  19    5«-7I 

IS  IS  S4'60 
18  IS  tiS'SS 
IB  ^  10-87 
IB  20  2I>'SE 

S1B'4£ 

S1608 

It  is  necessary  to  remark  that  the  Chronometer  errors  and 
rates  deduced  in  this  example,  are  upon  siderial  time,  and  if 
they  are  required  in  terms  of  the  mean  time,  the  necessary 
reduction  may  be  easily  made  by  a  reference  to  the  following 

Chapter. 
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CHAPTER  V. 


On  the  CONTEBSION  OF  A  GIVEN  ChKONOMETEB  TIME 
TO  THE  COBBE8POND1NQ  MEAN  SOLAB  AND  81DEBIAL 
TIME,  AND  YICE  TEB8A. 

It  will  have  already  appeared  to  the  reader  of  the  foregoing 
pages,  that  whether  the  error  of  a  Chronometer  is  determined 
from  a  meridional  or  an  extra  meridional  ohservation,  the 
general  principle  of  deduction  is  the  same  in  hoth  cases.  For 
instance  in  either  case,  the  mean  lolar  time  of  the  observation 
is  first  computed.  It  ia  then  compared  with  the  observed  time, 
and  the  difference  between  the  two  is  taken  as  the  error  of  the 
Chronometer. 

It  is  convenient  to  have  this  process  expressed  in  Algebraical 
symbols.  For  this  porpose,  let  a  designate  the  mean  solar  time 
of  an  observation,  and  c  the  Chronometer  time  corresponding 
thereto,  then  s  co  c  ^  e  is  the  Chronometer  error  at  the 
instant  of  that  observation.  Again,  calling  s'  and  </  analogous 
elements  to  a  and  c  for  a  subsequent  observation,  there  will 
arise  /  c/y  t/  =  e*  the  Chronometer  error  at  the  time  of  the 
second  observation. 

Suppose  t  to  be  the  Chronometer  time  lying  between  c  and 
</,  which  is  repaired  to  be  converted  to  mean  solar  time.  It 
is  clear  that  if  the  Chronometer  error  e  at  the  time  I,  were 
known,  then  t  ±  t  would  be  the  mean  solar  time  sought,  the 
upper  sign  being  used  when  s  "^  c,  and  the  lower  sign 
when^  Z,  c. 
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The  term  z  may  be  computed  in  the  following  manner: 
subtract  c  irom  </  and  t,  the  resulting  tenns  (</ — c)  and 
(i — c)  will  represent  Chronometer  intervals,  the  former  be- 
tween </  and  c,  and  the  latter  between  t  and  c.  Again  /  (x>  e 
stands  for  the  rate,  or  the  increment  or  decrement  (as  the  case 
may  be)  of  the  Chronometer  error  engendered  during  the  in- 
terval (/ — c).  Now  assuming  rates  to  be  proportional  to  the 
intervals,  during  which  they  are  produced,  we  shall  have 

(«/):(^</,.);;((-^): 

The  fourth  term  when  brought  out,  will  represent  the  rate 
produced  during  the  interval  {t — c.)  When  the  first  error  e 
has  been  corrected  by  this  rate,  the  resulting  term  will 
obviously  be  i  or  the  error  at  the  time  t 
EXAMPLE. 
Suppose  at  Kaliann,  5th  Ootober  1830,  tho  (fivfln  Chronometer  time  is  5"  Sb" 
27'  it  is  lequired  to  compnte  the  mean  boIbt  time  correeponding  theraW. 

On  refeience  Ui  pag«  667  of  tim  voik,  it  vill  be  Been  tlist  the  Dmnerioal  valoe* 
ofl,c,e.. ■for  the  Gth  and  6ch  October  are  as  folk>w9 : 

6ti  October.  fit*  October. 


c       =  0  3  fi7-9fi 

e       =  0  15  31'91 

,f—c=  IM  0  U-&5 

t— OE  6  54  29-05 

/<t)ti=  3S'03 


Rate  for  (i— c)  Computed. 
inBeocmds       e64t4'a5    hog. 


A.  C.  S063413I 

€-««         diflb,                 33-02    Log.    1-5054213 

(e-c)         ditto,            21369-05    Log.    4-S277481 

Required  rate 7-88    Log.    0-8966826 

Thi«rat< 

h.  m.      ».                e.             h.  m,      a. 

Hence  c 

=    0    16    31-91    +    7-88    =    0    16    39-79 

and  ((-£) 

After  having  reduced  a  given  Chronometer  lime  to  the  cor- 
responding mean  solar  time,  the  latter  may  now  be  converted 
to  siderial  time,  in  the  following  manner. 
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Refer  to  the  Nautical  Almanac  and  take  ont  the  mean  time 
of  the  transit  of  the  first  point  of  Ariea  immediately  prior  to  the 
givea  mean  time.  Now  deduct  this  transit  time  from  the 
given  mean  time,  the  difference  converted  to  aiderial  interval 
will  be  the  siderial  time  sought 

EXAMPLE. 

Take  the  mean  BoUr  time  given  above  for  Ealiana,  Bill  October  1836. 

Qiven  mean  Bolar  time, 5*  42  47 '21 

Mean  TimeoftcanBitoffintpaintof  Aries, 11    6  lS-65 

Mean  solar  mterrol 18  36  34'66 

Corresponding  eiderial  interval  or  the  siderial  time  sang'ht, 18  39  37'99 

Tbe  transit  of  the  first  point  of  Arieg  used  in  tbis  computatiiin  beliing:B  to  the  4th 
Ootober,  lieoause  it  is  that  which  immedialely  precedea  the  given  mean  time,  the 
lame  point  transiting  on  the  Slh  wliich  is  after  the  given  time. 

In  the  foregoing  part  of  this  chapter,  the  Chronometer  errors 
■  e  and  c'  are  taken  with  reference  to  the  mean  solar  time.  This 
however  is  a  circunwtance  which  cannot  always  be  expected  to 
obt^un  in  practice.  For  instance,  it  may  sometimes  happen 
that  the  terms  e  and  e'  are  known  with  reference  to  the  siderial 
time  only.  When  this  is  the  case,  the  given  Chronometer  time 
t  cannot  at  once  be  redaced  to  the  corresponding  mean  solar 
time.  It  must,  in  the  first  place,  be  converted  to  giderial, 
and  then  if  required,  to  mean  solar  time. 

With  respect  to  the  former  of  these  reductions,  the  process 
to  be  followed  is  exactly  similar  to  that  used  for  the  conversion 
of  any  given  Chronometer,  to  the  corresponding  mean  solar  time, 
the  given  terms  s,e,^,^  in  tbis  instance,  being  taken  in  terms 
of  the  siderial,  in  lieu  of  the  mean  solar  time.  When  the 
siderial  time  is  computed,  the  corresponding  mean  solar  time 
may  be  determined  in  the  following  manner: 

Take  out  from  the  Nautical  Almanac  the  siderial  time  of  the 
mean  noon,  immediately  preceding  the  given  siderial  time. 
Subtract  the  mean  noon  time  so  found  from  the  given  siderial 
time,  the  difference  converted  to  mean  solar  interval,  will  be 
the  mean  time  sought 
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EXAMPLE, 

In  illurtralion  of  thii  campntatim  taJce  the  mme  example  u  Ihst  girea  bflfare. 

Til.,  the  Cfaronometer  tiniH  f  ^  S'     36"    21'  M  obaerred  aX  KaUiuiB,6th  October 

IBSS,  and  itisreqnirsd  to  reduce  it  aucccmirel?  to  the  oomispondm;  dderial  sod 


(    =-    12 

41    18-61 

*-    =     13    47    67-64 

«    <-     0 

3    57-95 

(^—04     12-SO 

t    =    12 

40    20-66 

«"    =    12    43    45-14  dderi»l  eiTon. 
fa.   m.     1. 
=    24    0    U-55 
=      5  54    2905 

tf—t 

=           3    34-48  lideiul  rate. 

Siderial  rattfor  t—c  CompuUd.                                                          \ 

e'-c 

luMcondj 

661U'55    Lop.    4'»3e568B 
A.  C.    50634181 

4f—e 

ditto, 

204-48    Log.    3-31 06608- 

(—0 

ditto. 

21289-05    iBg.    4-3S!77481 

Direddderialrate 

50*!              1-7016130 

Henee  e  i^  13  40  20-66  +  50-33  •=  12  11  10-09 
And  {t  -\-  t)  =  la  39  37-99  Biderial  time  corr«spaiidii^  to  t. 
InthiaOM,!    a  muls -|- because  >  ^  e. 

To  eoapute  t^  mean  Hilar  tinu  aaneering  to  Chrtmoiaeta'  time  I. 
b.    m.       1. 

Computed  aideriol  time  for  f IS    39    37-99 

Siderial  time  of  mean  noon  tor  5th  October 13    55    54-46 

Difference,    6    43    13-53 

Difference  reduced  to  mean  Botar  inlerval  or  the  mean  )     5    jo    j^.o] 
time  required,   i     

Before  the  chapter  is  concluded,  it  is  necessary  to  shew  the 
method  of  working  the  following  problem : 

Given  a  mean  solar  or  a  siderial  time  a,  to  compute  the 
Chronometer  time  t  corresponding  thereto.  Ketaining  the 
characterswehavealreadyusedjwe  will  represent  by  s  and  «' 
the  mean  solar  or  the  siderial  times  (as  the  case  may  be)  of  the 
two  time  observations,  one  taken  before  and  the  other  after  tr. 
c  and  c'  being  the  Chronometer  times  corresponding  to  s  and  / 
and  e  and  1/  tlie  Chronometer  errors  derived  theretroni. 
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Now  deduct  t  first  from  /,  and  tlion  from  a ;  the  resulting 
differences  (»' — s)  and  (<r — s)  stand  for  the  mean  solar  or  side- 
rial  intervals,  the  former  between  s'  and  s  and  the  latter  be> 
tween  r  and  s.  Again  the  rate  produced  during  the  interval 
(s' — s)  is  e'  w  e,  whence  the  rate  for  (a — s)  will  be  the  fourth 
term  to  the  following  proportion. 

{a'—s):  (e-we)::  {<r—i): 

The  fourth  term  being  computed  and  applied  to  e,  will  fur- 
nish tihe  Chronometer  error  e  at  the  given  time  <r.  Correct- 
ing ir  hj  the  error  so  found,  there  will  result  the  required 
Chronometer  time  t. 

In  the  foregoing  explanation  the  given  terms  s  and  /  and 
that  required  to  be  reduced  <r,  are  supposed  to  be  of  the  same 
denomination.  But  in  practice  this  may  not  always  be  the  case. 
For  instances  and  *'  maybe  mean  solar  and  <r  a  siderial  time  or 
vice  vers& ;  that  is  s  and  /  being  siderial  and  a  a  mean  solar 
lama  In  the  former  case,  <r  must  be  converted  to  mean  solar 
and  in  the  latter  to  siderial  time,  afler  which  the  necessary 
reduction  may  be  made  as  directed  above. 


jM,Googlc 


CHATTER  VI. 


On  the  Method  of  Detsbhinikq  the  Aziutjth  of 

THE  ReFBBBINO  MaBE  FROM  AN  ObBEETATION  TAKEN 
TO    A  ClBCUBIPOLAB     StAB,     AT     THE     TIME     OF      ITS 

Maxihch  Elongation. 

When  the  north  polar  distance  of  a  star  falls  sbort  of  the 
latitade  of  a  place,  it  becomes  what  is  called  a  circmnpolar 
star  at  that  place,  that  is  to  say,  a  star  which  never  sets,  bat 
is  contjuaally  above  the  honzon,  describing  in  the  coarse  of  a 
siderial  day,  a  small  circle  roand  the  pole,  of  greater  or  less 
magnitade,  according  to  the  length  of  the  star's  north  polar 
distance. 

In  the  diurnal  circular  path,  above  adverted  to,  of  a  circum- 
polar  star,  there  are  two  points,  one  of  which  is  Airthest  east, 
and  the  other  furthest  west  from  the  north  pole.  When 
the  star  arrives  at  the  one  or  the  other  of  those  points,  it  is 
said  to  be  at  its  maximnm  elongation,  that  to  the  east, 
being  called  the  eastern,  while  that  on  the  west,  is  styled 
the  western  elongation. 

When  a  circumpolar  star  arrives  at  its  maximcm  elonga- 
tion, it  becomes  on  account  of  ita  slow  azimnthal  motion  a  very 
convenient  object  for  observatioD  for  the  purpose  of  determin- 
ing the  azimuth  of  the  referring  mark.  For  this  purpose, 
the  elements  which  are  re<juired  to  be  known  with  reference 
to  it,  are  three  in  number,  and  they  are  as  follows : — Ist,  the 
time  of  the  elongation,  2nd,  the  star's  azimuth,  and  3rd,  its 
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jtldtade.    The  formulae  whereby  these  elements  may  be  com-  ■ 
pated  are  given  below : — 

1st     For  Horary  Angle, ...     coaP  —  tantB  tank 

2nd.   For  Azimuth, sinA    ^^inasecX 

Zrd.    For  Altitude, sinAlt^  secasinK 

In  these  expressions,  <e  standa  for  the  star's  north  polar  dis- 
tance, and  \  for  the  latitude  of  the  place;  P,  A,  and  alt.  be- 
ing the  required  elements,  the  first,  the  star's  Horary  Angle, 
the  second,  its  azimuth,  and  the  third,  its  altitude^ 

Type  of  CoMPBTArioH. 


a  Urate  Minorls  observed  at  Kaliana,   0.  T. 

StaUon. 

on  the  afternoon 

of  tbe  5th  October  1836. 

*'s  North  Polar  Distance  «    = 

1     33 

43-74 

Lfttitude  of  KttHanit      ...    X    = 

29     30 

49. 

Tana  ...8-4357077            Sinor  .„8-4355463 

Seca   .. 

..  0-0001615 

TaiA  ...  97528837            Sec\  ...  0-0603616 

SbA  ■■ 

,.  9-69aS211 

CotP  ...  S-1S85904             SinA  ...  S-49S9079 

SinaU.. 

..  9-69368S6 

P    —  89  6  G5-SS            ^  =  1  47  42-51 

i      Alt. 

=  29  31  32-43 

When  the  Horary  Angle  is  brought  out  in  the  way  direct- 
ed above,  it  will  be  ia  space,  and  will  require  to  be  converted 
into  time.  When  this  reduction  is  made,  the  resulting  ele- 
ment added  to  or  subtracted  trom,  the  star's  apparent  right  aft- 
censioD,  will  furnish  the  siderial  time,  in  the  former  case  of  the 
western,  and  in  the  latter  of  tbe  eastern  elongation,  which  side- 
rial  time  may  be  converted  to  corresponding  mean  solar  or 
chronometer  time,  as  may  be  required,  agreeably  to  the  precepts 
^ven  in  Chapter  V. 

Thus  tbe  Horary  Angle  computed  above,  converted  to  time,  will  be  5'' 
es°>  27'-70,  and  the  star's  apparent  right  asceneioa  is  l"  1°>  42-72' ;  hence  the 
uderial  timeaof  the  eastern  and  western  elongations  are  19''  5*°  IS'-OS  and  6'    . 
5g°>  io'-42,  the  same  in  mean  sohtr  time  bring  6''  8°>  20',  17^  59°"  19'. 
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After  ^e  prelimimuy  computation  has  been  gone  through, 
the  next  step  is  to  take  the  required  ohserratioD  ttpon  the 
circumpolar  star,  which  may  be  done  in  the  followipg  man- 
ner :— ^Abont  a  qnarter  of  an  hour  before  the  maximtun  eloa- 
gation,  plant  the  theodolite  over  the  station  dot,  and  perform 
thereon  all  the  necessary  adjostments.  This  done,  take  a 
reading  to  the  referring  mark.  To  this  reading  apply  the 
angle*  between  the  referring  mark  and  the  star,  the  resolt- 
ing  reading  is  obviously  the  azimuthal  direction  of  the  latter. 
When  the  instrument  is  set  in  this  direction,  and  the  teles- 
cope raised  to  the  computed  altitude,  intersect  as  accurately 
as  possible  the  star,  which  will  be  found  near  the  cross 
wires.  The  maximum  elongation  not  having  aa  yet  occur- 
red, the  star  will  be  receding  &om  the  meridian,  continue 
therefore  intersecting  it,  imtil  it  reaches  the  utmost  limit  in 
the  direction  of  its  motion.  When  an  intersection  has  been 
obtained  at  that  limit,  read  off  the  instrument,  after  which 
take  a  second  observation  to  the  referring  marLf 

The  mean  between  the  two  readings  of  the  referring  mark 
may  be  treated  as  one  reading,  and  the  difference  between  it 
and  the  reading  of  the  star  will  be  the  angle  between  the  two 
objects  observed,  which  angle  being  applied  to  the  star's  com- 
puted azimuth,  will  fomish  the  azimuth  of  the  referring  mark. 

The  observation  above  mentioned  appertains  to  one  of  two 
feces  of  the  zero,  to  which  the  instrument  was  set  On  the  suc- 
ceeding night,  a  similar  observation  will  require  to  be  made 

*  It  will  be  Buffiraent  if  this  angle  is  known  b>  within  2'  or  3',  and  a 
reault  within  this  limit  may  always  be  obtained  in  the  Ibllowing  manner : — 
Determine  an  approximate  azimuth  of  the  referring  mark  by  an  observation 
npan  the  snn  as  explained  at  pp.  6G1,  662,  add  this  azimu^  to  the  sbir's 
a^muth  or  sabtract  one  from  the  other,  according  as  the  referring  mark  and 
the  star  lay  on  difierent  or  on  tho  same  side  of  the  meridian  :  the  amn  or 
difference  so  derived,  will  be  Uie  angle  sought. 

f  This  process  wiU  not  be  necessary  when  a  good  chronometer  is  at  hand, 
because  the  time  of  the  maximum  Elongation  being  then  accnrately  indicated  t 
an  obBemMion  on  the  sUtr  at  that  instant,  will  furnish  the  angle  aoi^hu 
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on  the  opposite  face  of  the  same  zero.  In  thia  way  all  the 
zeros  being  disposed  of,  the  mean  of  all  the  observations  will 
be  the  tme  aztmnth  of  the  referring  mark 

Whenever  practicable,  the  azimnth  of  the  referring  mark 
ought  to  be  derived  from  two  elongations  of  a  atar.  When 
this  can  be  done,  the  dedoced  azimuth  will  not  be  affected  by 
the  errors  which  may  exist  in  the  given  latitude  and  north 
polar  distance.  On  the  other  hand,  an  azimuth  obtained  from 
a  single  elongation  will  be  impregnated  with  the  full  effect  of 
those  errors.* 

It  ought  to  be  mentionod  at  this  place  that  prior  to  the  year  . 
1832,  all  the  azimuths  in  the  Great  Trigonometrical  Surrey 
of  India  were  determined  by  observations  taken  to  stars  at 
their  maximum  elongations.  The  method  is  susceptible  of 
great  accuracy,  as  will  appear  from  an  inspection  of  the  follow- 
ing Table  extracted  from  Col.  Everest's  Indian  Arc,  published 
in  1830,  and  containing  a  record  of  the  observations  made  on 
a  UrsEe  Minoris  at  the  time  of  its  western  elongation,  together 
with  the  azimuths  of  the  referring  mark  deduced  therefrom. 

*  As  the  apparent  NorUi  polar  distance  of  a  star  is  oontinnaUy  changing 
its  value  itato  one  daf  to  another,  it  is  clear  that  the  horary  angle  and  the 
azimuth,  which  are  derived  from  it,  will  require  a  fresh  and  independent 
computation,  for  every  elongation  observed.  This  is  a  tedious  process  which 
may  be  easily  avoided  by  using  the  following  differential  formuLe. 

SJ'(  in  seconds  of  time,)  ^ —   -■ S<e 

ZA(.ia  seconds  of  space,)  =  sec\.  cosw  P.lte 

wherein  S  ce  stands  for  the  rarialion  (supposed  to  be  g^ven  in  seconds)  which 
has  taken  place  in  the  star's  North  polar  distance  since  the  Ist  day's  observa- 
tion, ^P,  iA  being  the  correspondiiig  alterations,  the  former  in  the  horary 
angle  and  the  latter  ih  the  azimuth :  compote  therefore  the  azimuth  A,  the 
horary  angle  P,  and  the  altitude  of  the  star  for  the  first  elongation  observed, 
and  then  making  &E  the  difference  between  the  North  polar  dlEtance  on 
the  Ist  and  any  subsequent  day  of  observation ;  dednce  ZPenAhA,  andapply 
them  respectively  to  P  and  A,  the  resulting  terms  will  obviously  be  those 
which  appert^n  to  the  star's  polar  distance  «  +  J  (B. 

As  to  the  signs  of  SP  and  S^,  it  will  be  remembered  that  the  former  will 
be  amative  and  the  latter  positive,  when  the  star's  Nortb  polar  distance  is 
increasing  ;  and  that  they  will  \k  of  the  contrary  affections  when  llic  North 
polar  distance  is  diminishing. 
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CHAPTER  VII. 


On  the  Method  op  dbteeminihg  the  azimdth  of 
THE  Refebbing  Mabe,  fboh  obsertations  taken  to 

A  CIBCUMPOLAE  STAB  NEAB  THE  TIME  OP  ITS  UASimjIS 
elongation,  as  PEACTI8ED  IN  THE  GbEAT  TbIGONO- 
METEICAL  SuBVEr  OF  InDIA,  ALSO  ON  THE  MODE  OP 
FINDING   THE  VAEIATION   OP  THE  NeEDLE, 

It  is  clear  that  when  a  circumpolar  star  is  taken  in  the 
way  described  in  the  preceding  chapter,  only  one  observation 
can  be  made  at  one  elongation.  This  is  a  great  limitation  of 
the  powers  of  the  observer.  To  extend  this  power,  the  pro- 
cedure, introduced  by  CoL  Everest  into  the  Trigonometrical 
Survey,  consists  in  taking  a  circumpolar  star,  a  cert^  num- 
ber of  times  before  and  after  its  greatest  elongation ;  and  in 
subseq^uently  reducing  these  observations  to  the  star's  maxi- 
mum position,  and  then  working  out  the  azimuth  as  before 
explained.  In  addition  to  a  theodolite,  a  good  chronometer  is 
absolutely  necessary  to  carry  this  process  into  effect. 

CoL  Everest's  method  of  taking  a  c&cnmpolar  star  may  be 
described  as  follows : — About  an  hour  before  the  maximum 
elongation  of  a  star  selected  for  observation,  the  observer  will 
adjust  the  theodolite  over  the  station  dot,  and  set  it  to  a 
given  zero.  When  this  is  effected,  take  a  reading  to  the 
Referring  Mark ;  and  then  having  fixed  the  telescope  to  the 
star's  computed  altitude,  move  it  azimuthally  by  the  handj, 
until  the  star  appears  in  the  field  of  vision.  Now  fasten  the 
horizontal  clamp,  and  by  the  usual  appendages  of  slow 
motion,  place  the  star  in  the  upper  angle  of  the  wires,  if  it  is 
descending,  or  in  the  lower  angle,  if  it  is  ascendbg.     This 
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donCj  call  out  to  the  assistant  to  count  the  seconds'  beats 
of  the  chronometer,  at  the  same  lime  watch  the  star's  approach 
to  the  intersection  of  the  wires.  As  soon  as  the  star  comes 
over  the  said  intersection,*  mark  the  time,  and  then  read  off 
the  azimnthal  limb.  Now  loosen  the  horizontal  clamp,  and  af- 
ter moving  the  telescope  by  the  hand  a  few  degrees  in  advance, 
bring  it  back  to  the  star,  and  then  take  another  intersection 
thereon  in  the  same  way  aa  before ;  after  which  lower  the 
telescope  and  make  an  observation  on  the  Referring  Mark. 
This  will  complete  a  set  of  observations  on  one  face  of  the 
theodolite.  As  to  the  manner  of  treating  these  observations, 
it  will  perhaps  be  ttsefal  to  note  that  one  angle  will  be  de- 
rived from  the  first  pair  of  the  readings  of  the  Referring 
Mark  and  the  star,  while  another  angle  will  be  obtained  from 
the  second  pair  of  the  readings  taken  on  the  same  objects. 

When  observations  on  one  face  of  the  instrament  hare 
been  made  as  described  above,  the  observer  will  now  reverse 
the  face  of  the  theodolite,  and  take  a  second  set  of  intersec- 
tions similar  to  the  first  In  this  manner,  when  be  has  done 
with  one  &ce,  he  will  revert  to  the  other,  until,  as  may  be 
required,  fonr  or  six  changes  of  face  are  regularly  gone 
Ihrough.  This  will  complete  observations  on  one  zero,  at  a 
given  elongation  of  a  circumpolar  star. 

The  system  of  changing  the  zero  of  a  theodolite  as  explained 
at  pp.  403-405  will  require  to  be  practised  in  circompolar  star 
observations  in  the  same  rigorous  manner  as  in  observations  on 
terrestrial  signals;  for  the  graduation  errors  which  that  pro- 
cedure is  supposed  to  correct,  have  a  tendency  to  vitiate 
equally  the  two  classes  of  observations,  and  in  both  cases, 
therefore,  they  must  be  eliminated  by  similar  arrangements 
and  artifices.  When  a  circumpolar  star  is  being  observed,  it  is 
convenient  to  adjust  the  changes  of  zero  bythe  Referring  Mark. 

*  To  do  Uiis  noil,  will  reqaite  a  Uttle  practice.  After  two  or  three  trials,  the 
observer  will  know  the  direction  of  the  star's  motion,  and  when  he  has 
acqmred  this,  he  will  inlaitirely  place  the  croas-wires,  so  that  the  Btar  maj  at 
onc«  ooma  npon  it. 
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To  obtain  the  beat  angles  which  a  tlieodolite  is  capable  of 
furnishing,  the  motion  of  the  telescope,  whether  proceeding  from 
the  Referring  Mark  to  the  star,  or  vice  vend,  shoTild  be  conti- 
nuous and  in  one  direction,  never  allowing  the  telescope  or 
rather  the  cross-wires  contained  therein,  to  pass  the  object  to 
be  intersected,  and  then  be  brought  back  to  it  This  mode  of 
taking  an  observation,  although  difficult  at  first,  is  rendered 
very  easy  after  a  little  practice. 

With  a  view  of  compnting  these  observations,  the  first  thing 
to  be  done  is  the  conversion  of  the  observed  chronometer  times 
to  corresponding  siderial  times,  the  mode  of  executing  which 
has  been  explained  in  Chapter  V.  When  this  reduction  is  made, 
take  the  difference  between  the  siderial  time  of  each  observa- 
tion and  that  of  the  maximum  elongation,  and  convert  it  into 
space.     Let  SP  stand  for  tiie  elements  so  derived. 

Now  Si*  being  the  interval  elapsed  between  each  observa- 
tion and  the  star's  maximum  position,  the  term,  which  is  now 
reqtured  to  be  known,  is  the  azlmnthal  variation  iA  corres- 
ponding thereto.  This  term  may  be  computed  by  the  follow- 
ing formulae : 

1st     When  the  star  U  observed  below  the  maximum  position. 
^„  lA S'faMEP 

2nd,     fVTien  the  star  is  taken  above  the  maximum  positioiu. 


tan  SA  =■  - 


.^i}^ 


tinP  cat  a  eog\^l+  tan'a  cot  £P—  itc'in  <xtP  sin  Sp  } 
in  which  as  stated  elsewhere  X  represents  the  latitude  of 
the  place,  as  standing  for  the  star's  North  polar  distance,  and  I* 
for  the  horary  angle  at  its  maximum  position  East  or  West* 

*  As  the  itar  tweends  on  the  East  side  of  the  meridian,  the  obserr&tions  mftde 
be/ure  the  Eitatem  elong&tion  are  reduced  by  the  first  fonunlo,  and  those 
taken  after,  are  computed  by  the  second.  In  the  Western  elongation,  a  con- 
trary procedure  ia  followed,  because  the  star  ia  descending  -,  the  second  formula 
being  used  in  deducing  the  prior,  and  the  first  in  computing  the  mbseguent 
observations. 
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These  formula  have  been  investigated  by  Babu  Radlianath 
Sickdhar,  chief  computer  to  the  Great  Trigonometrivl  Survey, 
and  are  applicable  to  all  circnmpolar  stars,  irrespectrre  of  the 
lengths  of  tbeir  North  polar  distances,  and  they  are  now 
used  in  all  the  rigorous  computations  of  the  Great  Trigonome- 
trical Survey. 

The  terms  ZA  being  computed  and  applied  to  the  observed 
angles,  we  obtain  the  angles  as  if  taken  at  the  star's  maxi- 
mum elongation.  To  these  angles,  the  star's  computed 
azimuth  being  applied,  the  resulting  elements  will  be  the 
required  azimuths  of  the  Referring  Mark. 

It  will  be  seen  that  this  deductive  process,  although  suited  to 
the  requirements  ofa  Trigonometrical  Survey,  will  prove  much 
too  operoae,  if  applied  to  an  operation  of  a  lower  order.  To 
meet  the  wants  of  the  latter,  therefore,  we  will  describe  an 
approximate  method  of  computation,  derivable  from  the  above 
formulae,  and  which  when  applied  to  a  UrsEe  Minoris,  will  not 
produce  an  error  of  a  second  in  the  result. 

This  approximate  process  of  computation  ia  as  follows : 
Ist;     Compute  the  following  constant  logarithm. 

0-29303  +  log  sec  X  +  log  tan  (B  +  log.  cosec  P. 
2nd.     Compute  as  accurately  as  the  means  will  allow  to  the 
nearest  second,  the  chronometer  time  of  the  star's  maximum 
elongation  observed. 

3rd.  Compute  the  chronometer  interval  elapsed  between 
each  observation  and  the  maximum  elongation,  and  convert  it 
to  minutes  and  decimals  thereof. 

4th.  Take  the  logarithm  of  the  interval  converted  to 
minutes  as  directed  above,  double  it,  and  add  thereto  the 
constant  log,  deduced  according  to  precept  1st  The  natural 
number  answering  to  the  sum  is  SA  in  seconds. 

6th.  In  making  this  computation,  the  logarithms  used  need 
not  be  carried  beyond  5  decimals. 

To  carry  this  method  into  effect,  we  would  recommend  to  the 
Surveyor  to  derive  his  azimuths  from  observations  made  to  a 
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Urste  Minoris  alone,  which  is  a  star  generally  known,  and  of 
easy  recognition.  The  chronometer  time  of  the  star's  Eaatem 
or  Western  elongation  (aa  the  case  maj  be)  being  deduced,  two 
pun  of  angles  may  be  taken  before,  and  two  pairs  after  that 
event,  as  described  aX^pp.  687, 688.  The  corrections  to  these  an- 
gles being  computed  by  the  approximate  process,  and  applied,  we 
shall  have  the  angles  at  the  star's  maximom  position.  When 
these  angles  are  combined  with  the  star's  computed  azimath, 
there  will  result  the  required  azimuths  of  the  Referring  Mark. 
Type  of  Computation  by  the  Approximate  Process, 
Take  the  observations  made  at  Kaliana,  ou  the  5th  October 
1836,  given  at  p.  689. 

CoiutaiU  Logarithm  Computed. 

Constant  Log.  as  per  Bule, o       ,       .  0-29303 

Latitude  of  Ealiana, X  =  39     30    49    uc       0-06036 

«'8  North  Polar DiBtMice, s=    1    33    41    Imi       8-43573 

Borarjr  Angle, P^Si 

CTifep.  6S3  J 

Bequired  Constant  Log. 


{cdMe    0-00005 


t  A  from  tiitftSoaing  Conpittation  applied  to  the  Ohaerned  Ani/Ut. 


Obsflired  Angles  to 

the  nearest  second. 

u 

Angles  reduced  to 
the  time  of  Maxi- 

,         . 

i: 

.          . 

I         47         4 

40 

I         47       44 

1         47         9 

34 

1         47       43 

1         47       SG 

17 

!         47       43 

1         47       29 

13 

1         47       42 

1         47       40 

1         47       44 

1         47       41 

1         47       43 

1         47       47 

0 

1         47       47 

1         47       4S 

a 

1         47       47 

1         47       88 

10 

1         47       46 

I         47       27 

14 

1         47       41 

I         47        11 

33 

I         47       44 

1         47         3 

39 

I         47       42 

Mean  Angle  at  die  time  ol 

:^'8  Aziinutb  vide  p.  683, 

Azunath  of  the  Beferring  Mark  West,    . 
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The  azimuth  of  the  Referring  Mark  having  been  deduced 

„   .   ,       ,  .        „  by  any  of  the  preceding  methods,  a 

Vanatk»i  of  Oie  needle.  ,      ,  ■  , 

simple  observation  with  any  magne- 
tic instrumeDt  is  only  necessary,  to  ascertain  at  once  the  variit- 
tion  of  the  needl^  by  accurately  fbdng  the  theodolite  over  the 
station  dot,  and  taking  a  series  of  magnetic  bearings  to  tbe  Re- 
ferring Mark.  The  difference  between  the  mean  of  such 
Readings  and  the  computed  azimnth,  is  the  required  variation, 
which  will  be  £ast  or  West  according  as  the  true  azimath  ia 
greater  or  less  than  the  magnetic,  supposing  the  azimuth  is 
reckoned  from  North  by  East.  Hence  to  obtain  the  true  azimuth 
when  the  variation  is  East,  add  it  to  the  magnetic  bearing,  and 
if  fVest,  subtract  iL  It  is  unnecessary  to  enter  further  into 
this  subject  beyond  what  is  required  for  practical  purposes. 
All  the  chief  works  on  navigation  treat  of  the  variation  of  the 
compass  in  different  parts  of  the  world,  and  to  such  works  the 
reader  is  referred  for  further  information.  In  this  country  the 
magnetic  variation  Is  about  2^  degrees  East 
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CHAPTER  VIII. 


On  the  Methods  of  DETERMiMmo  the  Latitude 

OF  A   PLACE. 

In  the  methods  of  computation  which  have  already  been 
treated  of  in  the  preceding  chapters,  for  the  determination  of  the 
error  of  the  chronometer  and  of  the  azimuth  of  the  Referring 
Mark,  the  latitude  of  the  station  of  observation  is  supposed  to 
be  given.  If  this  element  can  be  derived  from  the  Great  Tri- 
gonometrical Survey,  the  best  thing  which  the  Surveyor  can 
do,  is  to  use  it  at  once,  as  it  would  be  superior  to  any  deter- 
mination, which  he  is  likely  to  effect  for  himself  with  the  limit- 
ed means  at  his  disposal  On  the  other  hand,  instances  will 
frequently  occur  of  the  Trigonometrical  Survey  not  having 
extended  to  those  districts,  which  are  being  traversed  over  by 
a  revenue  or  topographical  operation:  in  such  cases  the 
required  latitudes  of  places,  must  be  derived  from  observation 
alone.  It  is  the  object  of  this  chapter  to  explain  the  method  of 
making  and  computing  such  observations. 

With  this  view  we  will  suppose  that  on  a  fine  clear  morning 
the  Surveyor  has  arrived  at  the  origin  of  his  operation,  fur- 
nished with  a  theodolite,  possessing  a  complete  vertical  circle, 
together  with  a  chronometer  and  a  Nautical  Almanac,  and  that 
he  is  ignorant  of  the  geographical  position  of  the  place  where 
he  is  standing,  as  also  of  the  direction  of  the  meridian,  and  the 
error  of  the  chronometer.  Under  these  circumstances,  the  first 
thing  he  will  have  to  execute  is  to  put  up  the  tlieodolite  and 
make  an  observation  upon  the  sun  as  directed  in  Cliapter  IJ., 
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and  then  taking  out  the  latitude  and  longitude  of  the  place 
from  the  best  map  which  may  be  within  bis  reach,  he  will 
compute  the  error  of  the  chronometer  and  the  chronometer 
time  of  the  apparent  noon.  This  deduc^on  will  not  be  of  a 
very  rigorona  character.  This  however  is  a  circnmstance 
which  will  entul  no  inconvenience,  as  the  object  of  this  pro? 
cess  is  only  to  ascertain  the  approximate  time  of  Uie  sun's 
passage  over  the  meridian. 

Abont  quarter  of  an  hour  before  the  chronometer  time  com- 
puted as  mentioned  above  of  the  apparent  noon,  the  Surveyor 
will  intersect  the  sun's  upper  or  lower  limb  as  may  be  con- 
venient As  the  apparent  noon  has  not  yet  occurred,  the  sun 
will  be  ascending,  he  will  therefore  follow  up  the  intersection 
of  the  selected  limb  until  it  reaches  the  highest  elevation. 
When  an  observation  has  been  obtained  at  that  limit,  he  will 
read  off  the  vertical  circle  of  the  theodolite. 

This  vertical  reading  will  be  the  mervHonal  altitude  of  the 
observed  Umb  of  the  sun.  It  is  however  taken  on  one  face,  and 
will  therefore  be  impregnated  with  the  index  error  of  the  In- 
strument. The  amount  of  this  error  may  be  determined  in  this 
way.  Take  any  fixed  well-defined  and  high  terrestrial  object 
and  observe  its  elevation  on  both  faces  of  the  theodolite,  half 
the  difference  between  these  elevations  is  the  required  index 
error,  additive  to  the  face  which  gives  the  lower,  and  snbtrac- 
tive  {com  that  which  fumbhes  the  kigker  altitude,  Tbe  Index 
error  of  the  Jnatrnment  may  be  determined  before  or  after  the 
Bun's  observation  as  may  be  convenient 

When  the  observed  altitude  has  been  cleared  of  the  Index 
error,  the  next  corrections  to  be  applied  thereto,  are  refraction 
and  parallax,  the  mode  of  computing  which  wiU  be  found  in 
the  appendix.  After  the  observed  altitude  has  been  freed 
from  the  Index  error  refi'action  and  parallax,  it  may  now  be 
reduced  to  the  sun's  centre.  This  redaction  is  thus  performed. 
Increase  or  diminish  the  observed  altitude  corrected  as  des- 
cribed  above  by  the  son's  semi-diameter  according  as   the 
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lower  or  tbe  upper  limb  was  intersected ;  the  resulting  arc  is 
the  required  altitude  of  the  sun's  centre. 

When  the  elevation  of  the  sun's  centre  is  known,  it  is  easy 
to  compute  the  latitude  of  the  place.  According  as  the  sun's 
decUoation  is  South  or  North,  add  it  to,  or  subtract  it  from  the 
said  elevation,  the  sum  or  difference  so  obtained  will  be  an 
arc,  the  difference  between  which  and  90°  is  the  latitude 
sought 

EXAMPLE. 
The  sun  was  observed  at  Uatipaou  on  tbe  SStb  November  1833. 

Obseired  meridian  altitude  of  the  0's  upper  limb, 89°  8'   18" 

Index  Error, -|-  34 

KeAvction  and  Parallax, —  13 

Q's  Semi-diameter,  —  16     14 

True  altitude  of  the  ©'3  ceMre,  38    91     33 

0's  South  declination,    20    42     15 

Sum, 69     33     4S 

Latitude  of  Hatipaon, 3Q    26     12 

If  similar  observations  are  made  for  eight  or  ten  days  in 
succession,  and  wrought  up  in  the  way  described  above,  the 
mean  latitude  resulting,  will  be  sufficiently  accurate  for  the 
brin^g  up  of  the  azimnth  deductions. 

But  probably  on  the  third  or  the  fourth  day,  the  error  of 
the  chronometer  will  be  known  with  great  nicety;  in  which 
case  it  will  not  be  necessary  for  the  Surveyor  to  limit  himself 
to  a  sitiffle  observation  of  the  sun  per  day.  He  may,  for  in- 
stance, take  four  altitudes  hffore,  and  four  after  the  apparent 
noon,  marking  down  tbe  chronometer  time  of  each  observation. 
In  taking  the  altitudes  with  a  Theodolite,  he  will  observe  one 
limb  first  and  then  the  other;  after  which  the  face  of  the  instru- 
ment being  reversed,  he  will  make  two  other  observations  simi- 
lar to  the  first.  This  done,  he  will  change  the  &ce  again,  and 
observe  in  the  same  way  as  before.  lu  this  manner  four 
4  K 
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changes  of  face  may  ba  gone  through  daring  an  interval  of 
twenty  or  twenty-five  minutes,  taking  core  that  half  this  inter- 
val falls  on  one  side  of  the  apparent  noon,  and  half  on  the 
other.  In  case  of  no  Theodolite  being  available,  a  good  sex- 
tant may  be  ttsed. 

As  to  tJie  manner  of  reducing  tliese  observations,  it  mast  be 
noted  that  the  observed  altitudes  will,  in  the  first  instance, 
require  to  be  corrected  for  the  index  error,  and  sun's  semi- 
diameter.  When  this  is  done,  the  resulting  elements  will  be 
the  altitudes  of  the  sun's  centre.  These  not  being  observed 
on  the  meridian,  will  require  to  be  reduced  thereto  in  the  fol- 
lowing manner : — Take  the  difference  between  the  chronometer 
time  of  each  observation  and  that  of  the  apparent  noon,  and 
reduce  it  to  siderial  interval  Again  convert  this  interval  into 
space  and  designate  the  resulting  quantity  by  ip. 

The  term  Ip  for  each  observation  being  deduced,  and  the 
son's  declination  (d),  and  the  approximate  latitude  north  (\)  of 
the  place  being  known,  the  required  correction  for  a  given  alti- 
tude may  be  computed  by  the  following  formuhe, — 

When  tht  deelinatian  U  North, 
ifsoid  009X  sin*  )  S  p 
Binl'  am[d  i£>  \)* 
When  the  declination  it  South. 
_      gpQgd  coaX  ain'  j  B  p 
~  Binl'Bin(^  +  A.)  " 

Th'e  correction  of  brought  ont  in  this  way,  will  be  in 
seconds — and  when  added  to  the  ^ven  altitude  will  render  it 
meridional  altitude.  From  the  meridional  altitude  of  the  sun's 
centre,  the  latitude  may  be  computed  as  directed  before. 

As  an  illustration  of  the  computation  of  these  formula;,  take 
the  following  observations  made  on  the  Sim  at  Hatipaon,  on 

*  The  t^mg  [d  <»  a)  tai  {d  -(-  ^)  reiH'esent  meridionel  zenith  diitwioea. 
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the  2nd  December  1838,  with  Gilbert's  Sextant  No.  1  and 
Hare's  Chronometer : 


I'odexa 

Toe^ihe  Sextant  —  65'  (o  ie  ojjpKerf  ntgativtly. 

ObjeotaObeerTcd 

Observed. 

Deauoed  Elements  of  the      1 
©'s  centre.                1 

Doubla 

Altitudes. 

TimeB. 

Altitudes  cor- 
rected for  Index 
error. 

Time». 

©•»    L.    L. 
©■■    U.    L. 

0'«    U.    L. 

©'■    L.    L. 

©'•    L.    L. 
©■*    D.    I- 

0'»    TI,    L. 
0'i    L.    L. 

©•»    L.    L. 
©'b    U.    L. 

74    M    « 
76    49    30 

b.    m.     I. 
31    17      0 
21     18      0 

37    33      G 

h.    m.     t. 
21    17    30 

78    49    60 

74    4S      S 

21    19      0 
31    20      0 

87   88    16 

21    19    30 

74    46    25 

76    49    60 

31     21       0 
21    22     0 

37    38    31 

31    21    30 

76    50      0 

74    41    35 

21    2t      0 

37    38    11 

31    23    30 

74  46      0 

75  48    30 

31    25      0 
31    26      0 

37    S7    S6 

21    26    30 

Barometer     =:  39-683 

Tbermomster  :=  49'  S 
In  tbit  Table  tiie  mean  of  the  altitades  of  the  sun's  upper  and  lower  lunb* 
bos  been  taken  as  the  eleradon  of  the  sun's  centre,  the  chronometer  time 
oorreaponding  thereto  beii^  the  mean  of  the  two  obserred  times.  This  is  a 
process  which  is  onlj  approximatelj  correct,  the  rigorous  procedure  as 
required  by  the  rule,  consisdng  in  the  separate  reduction  of  the  individual 
observations  to  the  ann'e  centre  ;  a  mediod  of  computation  wbich  has  been 
dispensed  with  in  the  present  instance,  on  account  of  the  limited  accuracy  of 
the  observed  data.  It  ought  to  be  remarked  that  when  two  altitudes,  one 
taken  before,  and  the  otiiar  after  the  apparent  noon,  are  combined  as  is  done 
in  the  Table,  a  positive  error  will  be  prodnoed  in  the  result.  Consequentlj 
the  two  observations  taken  under  the  latter  dronnutauoas  will  require  to  be 
corrected  Ebr  semidiameter,  and  separately  reduced. 

Deduction  of  the  foregoing  observatians. 
Constant  Log,  Computad. 

®'b  South  Oeolination,     d  =  21    55    34    ,.  Cos.      1-96739 

ApproxtmaletatofHatipami.     ...    \  =  80   36    13    ,,  Cos.      T-93SW 

d+X  —  53    31    46      ,  CoMC   0-10133 

L,3  +  LCoBeo.  1'      6-61646 

Constant  Lop. ■•_•■_  5-61B7B 
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ObKrTedChronomaiwTimu,...    £117  30      IIUW      illlao      112330      aizeso 
Compvtfd    ChroDometflr  ' 

oTAppueul  ITdod 

'  ClufDometfTT  Time, .. 


|jiso»    iiwse    11 90GB    jiaow 


8, 


fiidniil  Tims,  .. 


7-eaaM     7hioo     rosaa     77*096     7'BM77 

7-e820J       7-SllOO       7-OB29S       7'7«»S       7-S»*7r 

CoMtaBtLof.,   B-eiBTB       t'ei873       S-8187e       6-6197§       6-81978 


i^- ^  1-38382     0-M17B    "i-Taie*     iioi«8     i-eosss 


Obfterred  Ahitiidu ..,    373a    B      37  36  IB      87B6  21      37  38  11 

BcdiwedHericlioDilAllitode*,  ...    373829      S738I0      373822      373824 


Latitude  of  Hatipaon  deduced. 

Uoui  Ueridional  Altitnds 37    38  24 

B«fr«rtk»  ud  Fmllu, —  a 

Onnotaa  AUJtnde, 37    37  33 


What  has  been  said  regarding  the  son  is  likewise  applica- 
ble to  a  star.  Suppose  an  altitude  is  taken  to  the  latter  in  die 
same  manner  as  the  former  is  directed  to  be  observed.  This 
altitude  being  cleared  of  index  error  and  refraction,  and  then 
if  necessary  reduced  to  the  meridian,  the  latitude  may  be  de- 
'  duced  therefrom  in  the  same  way  as  in  the  case  of  the  sun. 
The  observations  we  have  described  above  as  leading  to  the 
detenniuation  of  the  latitude  of  a  place,  whether  made  on  the 
sun  or  a  star,  are  supposed  to  be  taken  on,  or  near  the  meri- 
dian. There  is  a  method,  however,  whereby  the  latitude  may 
be  deduced  from  an  observation  on  Polaris  (a  Urste  Minoris) 
made  at  any  time  without  reference  to  its  position  with  regard 
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to  the  meridian  line.  The  elements  required  in  this  deduction 
are,  1st  The  time  of  the  observation,  and  2nd.  The  observed 
altitude ;  and  when  these  are  forthcoming,  the  necessary  com- 
putation may  be  easily  made  by  the  aid  of  the  rules  and  tables 
given  in  the  Nautical  Almanac,  to  which  the  reader  is  refer- 
red for  further  information  on  the  subject.  The  method  is 
simple  and  may  be  practised  with  great  advantage  in  the  Re- 
venue Survey. 

Whenever,  however  the  meridian  line  can  be  traced,  the  ob- 
servations made  thereon  for  the  determination  of  latitude  would 
be  preferable  to  all  others  both  in  point  of  accuracy  and  faci- 
lity of  reduction.  These  observations  may  be  made  with  a 
Theodolite  in  this  way.  Place  the  instrument  in  the  plane  of 
the  meridian,  and  take  the  altitude  of  ten  or  twelve  stars  bo 
selected  that  half  the  number  may  be  situated  to  the  North, 
and  half  to  the  South  of  the  zenith,  none  being  further  off 
than  15°  from  that  point.  The  observations  must  be  continued 
for  a  week  or  ten  days,  the  fece  of  the  instrument  being  re- 
versed after  each  observation  during  the  night,  at  the  same 
time  taking  care  that  the  same  star  is  taken  on  opposite  faces 
on  two  successive  nights.  The  latitude  resulting  from  such 
data  would  be  as  trustworthy  as  could  be  desired. 

Suppose  after  the  completion  of  the  observations  it  is  dis- 
covered that  the  Theodolite  was  not  adjusted  to  the  meridian, 
but  was  set  in  a  plane  which  was  inclined  thereto  by  a  small 
angle  which  we  shall  designate  by  SA.  It  is  evident  that  in 
such  a  case  the  observed  altitudes  are  not  meridional  altitudes. 
To  make  them  meridional  however,  a  correction  of  the  follow- 
ing form  will  only  require  to  be  computed  for  each  star,  and 
added  to  the  observed  elevation, — 

„        cA'^  COS  X  cftj  a 
2  eoi  d  coaec  1" 

In  which  expression  V  stands  for  the  approximate  latitude  of 
the  place,  d  for  the  star's  declination  and  a  for  the  observed 
altitude,  the  resulting  correction  y  being  in  seconds. 
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Another  method  exists  for  determining  the  latitude  of  a 
pkce  by  taking  the  elevations  of  a  drcompolar  star  at  its 
upper  and  lower  culmiQatiun.  When  such  observations  are 
niade,  half  the  aam  of  the  elevations  cleared  of  index  error  and 
refraction  will  be  the  latitude  required.  This  is  a  method 
however  which  cannot  always  be  conveniently  practised  in  this 
country,  on  account  of  the  small  altitude  of  the  circumpolar 
star  at  its  lower  meridional  passage,  when  it  will  be  of^n 
involved  in  the  mist  which  surroonds  the  horizon. 

For  observations  of  thb  nature  the  Befiecling  Circle  is  an 
iastnunent  which  is  frequently  employed  in  India  as  possess- 
ing very  superior  qualities  over  the  Sextant,  but  which 
having  been  inadvertently  omitted  to  be  noticed  in  its  proper 
place  in  Fart  2,  the  following  description  of  its  use  and  adjust- 
ments is  talcen  from  "  Simms  on  Mathematical  Instmments."' 

TEOUGHTOK'S  REFLECTING  CIRCLE. 


The  above  figure  represeate  this  instrument,  which  in  prindple  and  use  i» 
the  «une  «  the  BBitwit.  It  has  three  rernier  readings.  ABC,  moving  roond 
[he  same  centre  as  the  index-glass,  £,  which  is  upon  the  opposite  face  of  the 
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instrnment.  One  of  the  remiera,  B,  carries  the  clamp  and  tangent-screw. 
D  rcfjTesentB  the  miscroBct^  for  Tending  the  veraien ;  it  is  similar  to  tiie 
one  aaed  in  reading  the  seztuit,  and  is  adapted  to  eai^  index-bar,  b;  slipping 
it  on  a  pin  placed  for  that  pnrpose,  as  shown  in  the  figure.  The  horizon- 
glass  is  shown  at  F.  The  barrel,  O,  contMna  the  screws  for  giving  tiio  np- 
and-down  motion  to  die  telescope  ;  it  is  put  in  action  by  turning  the  milled 
head  nnder  the  btuTe).  H  is  the  telescope,  adapted  to  the  iostroment  in  a 
manner  similar  to  that  of  the  sextant.  I  and  J  are  two  handles  fixed 
parallel  to  Oia  plane  of  the  circle,  and  a  third  handle,  E,  ia  screwed  on  at 
right  angles  to  that  plane,  and  can  be  transferred  to  the  opposite  face  of  the 
instrument  bj  screwing  it  into  the  handle,  I ;  the  use  of  this  extra  handle  is 
for  convenience  in  reading  and  in  holding  the  instroment,  when  obaenring 
angles  that  are  nearly  horiEontal ;  it  can  be  shifted,  according  as  the  face  of 
the  iDstrument  ia  held  upwards  or  downwards.  The  requisite  dark  glasses 
are  attached  to  the  framework  of  the  circle,  to  be  used  in  the  same  manner 
and  for  the  same  purposes  as  those  of  the  sextant.  With  respect  to  the 
adjustments  and  application  of  this  instroineDt,  we  cannot  do  better  than  use 
Ihe  words  of  the  inventor,  Mr.  Tbouohtoh,  contained  in  a  paper  which  hecalla 
"  Directions  for  observing  irili   Tnmghlon't  Sheeting  Circle. 

"  Prqiare  the  inetnunent  for  observation  bj  screwing  the  telescope  into  its 
place,  adjnstjng  the  drawer  to  focna,  and  the  wires  parallel  to  the  plane 
exactly  as  you  do  with  a  aextant :  also  Bet  the  index  forwards  to  the  rough 
distance  of  die  snn  and  moon,  or  moon  and  star  ;  and  holding  the  circle  by 
the  short  handle,  direct  the  telescope  to  the  funter  object,  and  make  the  con- 
tact in  t^e  usoal  way.  Now  read  off  the  degree,  minute,  and  second,  by  that 
branch  of  the  index  to  which  the  tangent-screw  is  attached  ;  also,  the  minute 
and  second  shown  by  the  other  two  branches ;  these  gire  the  distance  taken 
on  three  different  sextants  ;  hut  as  yet,  it  is  only  to  be  considered  as  half  an 
observation :  what  remains  to  be  done,  is  to  complete  the  whole  circle,  by 
measuring  that  angle  on  the  other  three  sextants.  Therefore  set  the  index 
backwards  nearly  to  the  same  distance,  and  reverse  the  plane  of  the  instru- 
ment, by  boldii^  it  by  the  opposite  handle,  and  make  the  contact  as  above, 
and  read  off  as  before  what  is  shown  on  the  diree  several  branches  of  the 
index.  The  mean  of  all  six,  is  the  true  apparent  distance,  correnponding  to 
the  mean  of  the  two  times  at  which  the  observations  were  made. 

"  When  tiie  objects  are  seen  very  distinctly,  so  that  no  doubt  whatever 
remains  about  the  contact  in  both  sights  being  perfect,  the  above  may  safely 
be  relied  on  as  a  complete  set ;  but  if,  from  the  hasiness  of  the  air,  too  much 
motion,  or  any  other  canse,  the  observations  have  been  rendered  doubtful,  it 
will  be  advisable  to  make  more  :  and  if,  at  such  tinier,  so  many  readings 
should  be  deemed  trouhleaome,  six  observations,  and  six  readings  may  be 
conducted  in  the  manner  foUowing  ;  Take  three  succeisive  sights  forwards, 
esBCtly  as  is  done  with  a  sextant ;  only  take  care  to  read  them  ofTon  difterent 
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bruiches  of  ttie  index  :  also  make  three  obaervatioiu  backwards,  naiiig  the 
same  canUon  i  s  meftD  of  the«e  will  be  the  dUtaoce  reqmred.  Wbeii  the 
nimiber  of  sights  taken  forwards  and  backwards  are  unequal,  a  mean  between 
the  meanB  of  these  taken  backwards  and  those  taken  forwards  will  be  the 
true  angle. 

**  It  need  hardly  be  mentioned,  that  the  shades,  or  dark-glasses,  apply  like 
those  of  a  sextant,  for  making  the  objects  nearly,  of  the  same  bri^tness  ; 
but  it  miut  be  insisted  on,  that  the  telescope  should,  on  every  occasion,  be 
raised  or  towered,  by  its  proper  screw,  for  making  them  perftotly  so. 

"  The  foregoing  instroctions  for  taking  distances,  apply  equally  for  taking 
altitudes  by  the  sea  or  artificial  horizon,  they  being  no  more  than  distances 
taken  in  a  vertical  plane.  Meridian  altitudes  cannot,  however,  be  taken  both 
backwards  and  forwards  the  same  day,  because  there  is  not  time  :  all  there- 
fore that  can  be  done,  is,  to  obsene  the  altitude  one  way,  and  ose  the  index- 
error  ;  but  even  here,  yon  have  a  mean  of  that  altitude,  and  this  error,  taken 
on  three  difierent  sextants.  Both  at  sea  and  laud,  where  the  observer  is 
stationary,  the  meridian  altitude  should  be  observed  (brwards  one  day,  and 
backwards  the  next,  and  so  on  alternately  from  day  to  day;  the  mean  of 
latitudes,  deduced  severally  from  such  observations,  will  be  the  true  latitude  ; 
but  in  these  there  should  be  no  application  of  index-error,  for  that  being 
constant,  the  result  would  in  some  measure  be  vitiated  thereby. 

"  When  both  the  reflected  and  direct  images  require  to  be  darkened,  as  is 
the  case  when  Uie  sun's  diameter  is  measoied  and  when  his  altitude  is  taken 
with  an  artificial  hoiiioD,  the  attached  dark-glasses  ought  not  to  be  used  : 
instead  of  Ihcm,  those  which  apply  l«  the  eye-end  of  the  telescope  will  answer 
much  better  :  the  former  having  their  errors  magnified  by  the  power  of  the 
telescope,  will,  in  proportion  to  this  power,  and  those  errors,  be  less  distinct 
than  the  latter. 

"  In  taking  distances  when  the  position  does  not  vary  from  the  vertical 
above  thirty  or  forty  degrees,  the  bandies  which  are  attached  to  the  circle  ore 
generally  most  conveniently  used ;  but  in  those  which  incline  more  to  the 
horizontal,  that  handle  which  screws  into  a  cock  on  one  side,  and  into  the 
crooked  handle  on  the  other,  wiU  be  found  more  applicable. 

>'  When  the  crooked  handle  happens  to  be  in  the  way  of  reading  tme  of  the 
branches  of  the  index,  it  must  be  removed,  for  the  time,  by  taking  out  the 
finger-screw,  which  &stens  it  to  the  body  of  the  circle. 

"  If  it  should  happen  that  two  of  the  readings  agree  with  each  other  very 
well,  and  the  third  diflers  from  them,  the  discordant  one  must  not  on  any  ac- 
count be  omitted,  but  a  fair  mean  must  always  be  taken. 

"  It  should  be  stated,  that  when  the  angle  is  aboat  thirty  degrees,  neither 
the  distance  of  the  sun  and  moon,  nor  an  altitude  of  the  sun,  with  the  sea 
horizon,  can  be  taken  backwards  ;  because  the  dark-glasses  at  that  angle  pre- 
vent the  reflected  rays  of  light  from  tailing  on  the  index -gl ass  ;  whence  it 
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becomes  necessar;,  when  the  angle  to  be  taken  U  quite  unkaown  to  observe 
forwards  first,  where  the  whole  range  [s  without  interruption  ;  whereas,  in  tJiat 
backwards,  jou  will  lose  sight  of  the  reflected  image  about  that  angle.  But  in 
such  distances,  where  the  sun  is  out  of  the  question,  and  when  his  altitude  is 
taken  with  an  artificial  horizon,  (the  shade  being  applied  to  tho  end  of  the 
telescope)  that  angle  maj  be  measured  nearly  as  well  as  any  other  ;  for  the 
rays  incident  on  the  index-glass  will  pass  througb  the  transparent  half  of  the 
horizon -glass,  without  much  diminution  of  their  brightness. 

"  The  advantages  of  this  instruipent,  when  compared  with  the  sextant,  are 
chiefly  these  :  the  obserraUons  for  finding  the  index-error  are  rendered  use- 
less, all  knowledge  of  that  being  put  out  of  the  qaeslJon,  by  observing  both 
forwards  and  backwards.  By  the  same  means  the  errors  of  the  dork-glasses 
are  also  corrected  ;  for,  if  they  increase  the  angle  one  way,  they  must  diminish 
it  the  other  way  by  the  same  quantity.  This  also  perfectly  corrects  the 
errors  of  the  horiion-giasa,  aad  those  of  the  index-glass  very  nearly.  But 
what  is  still  of  more  consequence,  the  error  of  the  centre  is  perfectly  corrected, 
by  reading  the  three  branches  of  the  index  ;  while  this  property  combined  with 
that  of  observing  both  ways,  probably  reduces  the  errors  of  dividing  to  one- 
sixth  part  of  their  simple  valae.  Moreover,  angles  may  be  measured  as  far  as 
one  hundred  and  fifty  degrees,  consequently  the  sun's  doable  altitude  may  be 
observed  when  his  distance  from  the  zenith  is  not  less  than  fifteen  degrees  ;  at 
which  altitude,  the  head  of  the  observer  begins  to  intercept  the  rays  of  light 
incident  on  the  artificial  horizon  ;  and,  of  course,  if  a  greater  angle  could  be 
measured,  it  would  be  of  no  use  in  this  respect. 

"  This  instrument,  in  common  with  the  sextant,  req^uires  three  adjustments. 
First,  the  index-glass  perpendicular  to  the  plane  of  the  circle.  This  being 
done  by  the  maker,  and  not  liable  to  alter,  has  no  direct  means  applied  to  the 
purpose  :  it  is  known  to  be  right,  when,  by  looking  into  the  index-glaaa,  you 
see  that  part  of  the  limb  which  is  next  you,  reflected  in  contact  vrith  the  op- 
posite side  of  the  limb,  as  one  continued  arc  of  a  circle  :  on  the  contrary,  when 
the  arc  appears  broken,  where  the  reflected  aud  direct  parts  of  the  hmb  meet, 
it  is  a  proof  that  it  wants  to  be  rectified.  The  second  is,  to  make  the  horiion- 
glaaa  perpendicular.  This  is  performed  by  a  capstan-screw,  at  the  lower  end 
of  the  frame  of  that  glass  ;  and  is  known  to  be  right,  when,  by  a  sweep  of  the 
index,  the  reflected  image  of  any  abject  will  pass  exactly  over,  or  cover  the 
image  of  that  object  seen  directly.  Tlie  third  adjustment  is,  for  making  the 
line  of  collimatioa  parallel  to  the  plane  of  the  circle.  Ttiis  is  performed  by 
two  small  screws,  which  also  &sten  the  collar  into  which  the  telescope  screws 
to  theuprightstemon  which  it  is  mouuted;this  is  known  to  be  right,  when  the 
sun  and  moon,  having  a  distance  of  one  hundred  and  thirty  degrees,  or  more, 
their  limbs  are  brought  in  contact,  just  at  the  outside  of  that  wire  which  is 
next  to  the  circle ;  and  then,  examining  if  it  be  the  same,  just  at  the  outside 
of  the  other  wire :  its  being  so  is  the  proof  of  adjustment. 
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CHAPTER  IX. 


On  Lohgitdbe. 

The  Lon^tnde  of  a  place  may  be  defined  to  be  an  arc  of 
the  equator  intercepted  between  the  first  meridian,  and  that 
passing  throngh  the  given  place.  The  selection  of  the  first 
meridian  from  which  lon^tndes  are  measured,  is  entirely  ar^ 
bitrary.  The  English  use  the  meridian  of  the  Royal  Observa- 
tory at  Greenwich  as  the  first  meridian,  and  reckon  all 
IfHigitodes  to  the  east  and  west  thereof.  On  the  other  hand, 
le  premier  mmdien  of  the  French  Geographers  passes  throngh 
the  Paris  Observatory,  which  is  2°  aC  15"  east  of  the  former. 

The  lon^tnde  of  a  place  is  as  often  given  in  space  as  in 
time,  the  reduction  of  one  measure  to  the  other,  being  made 
at  the  rate  of  15°  an  hour.  Thus  the  longitade  of  the  Dome 
of  the  CioTemment  House  in  Calcutta  may  be  indifferently 
stated  at  88°  23'  27"  or  5h.  53m.  33-8s.  east  of  Greenwich, 
and  in  this  proportion  of  space  into  time,  the  Tables  in 
Chapter  IL  have  been  constructed. 

The  reason  of  reckoning  the  longitnde  in  time,  is  this;  sup- 
pose of  two  places  A  and  B,  the  time  at  ^  is  given,  it  is 
required  to  determine  the  corresponding  time  at  B.  This  is  a 
problem  of  great  astronomical  importance,  and  when  the  difiet- 
ence  of  longitade  between  A  and  B  is  given  in  time,  it  may 
be  easily  solved  in  this  way :  According  as  f  is  to  the  east 
or  west  of  A,  add  the  difference  of  longitude  to,  or  subtract  it 
from,  the  given  time  at  A,  the  sum  or  difference  so  obtained, 
will  be  the  required  time  at  B.    Thus  when  it  is  7h.  22m. 
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403.  P.  M.  in  Calcutta,  it  will  be  Ih.  29iu.  6*2a.  P.  M.  at 
Greenwich. 

On  the  converse  operation  to  this  process,  are  based  the 
astronomical  methods  of  determining  the  longitude  of  a  place. 
For  instance,  if  at  any  moment,  the  times  at  the  stations  A 
and  B  are  known,  the  difference  between  them  is  the  differ- 
ence of  longitude  sought,  B  being  east  or  west  of  A  according 
aa  the  time  at  B  is  greater  or  less  than  the  time  at  A.  The 
time  at  B,  the  Observers  station,  being  found  by  any  of  the 
methods  laid  down  in  the  preceding  Chapters,  that  at  ^  or 
the  first  meridian,  is  the  req^mred  element  in  the  determina- 
tion of  the  problem. 

These  principles  being  premised,  we  cannot  do  better  than  give 
the  following  memoranda  of  instructions  furnished  by  the 
Astronomer  Royal  Mr.  Airy,  to  the  Officers  deputed  to  mark 
the  boundary  between  the  British  Territories  in  America  and 
the  United  States  of  America ;  which  instmctions  duly  carried 
into  effect,  will  give  the  longitudes  of  places  with  the  ac- 
curacy required  for  all  ordinary  geographical  purposes. 


OBSEBVATIONS  FOB  THE  ABSOLUTE  LOKGITDDE 
OF  STATION. 
On  the  Boandtuj  Surrey  these  were  determined  entirely  b;  observiog  the 
transiia  of  the  moon,  uid  moos  cnlminatmg  stars.     No  other  method  is  equal 
to  it  for  ttccnracf  and  simplicitj  combiDed.    Thoi^h  this  proved  to  be  the 
case,  the  following  paper  of  instructions,  given  bj  Hr.  Air;,  the  Astronomer 
Boyal,  is  so  valuable,  that  it  is  considered  r^ht  to  insert  the  wiob  of  it,  as  it 
cannot  fail  to  be  of  service  to  all  who  have  to  make  observations  for  longitude. 
Oh*enia&ma  Jbr  &e  Absolute  Longitude  of  one  Station. 
I.    The  obserrationB  applicable  to  this  determination  will  be  the  following : — 
(a)    IKstonces  of  the  moon  &om  the  sun,  or  a  star. 
/^)    Tranata  of  the  moon, 
(y)    Zenith  disCancel  of  the  moon, 
/g)    Oconltations  of  stars  by  the  moon.* 

*  In  former  times,  the  lunar  and  solar  eclipses  (particularly  the  former)  were 
made  use  of  to  determine  the  lon^tude  of  a  place ; — but  these  not  being  sus- 
ceptible of  accurate  observations  are  no  longer  used  for  this  purpose.  The 
mode  of  making  observations  on  these  Phenomena  are  well  explained  in  the 
Penny  Cycloptedia  "  Article  Lon^tode." 
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(e)    Eulipaes  of  Jupiter's  sntellitea. 
S.  (a)    Lunar  distRUCOS. — It  U  neeesa^ry  to  combine  with  these,  obserra- 
tions  of  the  zenith  <Uatance  of  the  moon,  and  of  the  eun,  or  atar ;  utd  the  fol- 
lowing order  will  probably  be  fonnd  beat  for  obsertatlon. 

Several  Innar  distancea  to  be  taken  with  the  atmost  accuracy  (noting  tha 
time  of  each  by  the  standard  box  chronometer,  whose  error  can  be  (bund  by 
transits  on  the  same  evening.) 

A  zenith  distance  of  the  moon  (noting  dme)  which  needs  not  to  be  very 


A.  zenith  distance  of  the  star  (noting  time)  wfaidi  needs  not  to  be  very 

Several  Innar  distances. 

A  zenith  distance  of  the  star. 

A  zenith  distance  of  the  moon. 

Several  lunar  distances. 
Taking  the  mean  of  each  group  of  distancea,  and  then  the  mean  of  those 
means,  and  the  means  of  the  correspoDding  chroDometer  limes,  it  will  be  easy, 
from  the  observed  zenith  distances,  to  deduce  the  zenith  distances  at  these 
same  times  (  and  thus  all  of  observation  is  completed. 

3.  For  the  reduction  of  thoae  distances,  the  accurate  method  only  should 
be  nsed. 

4.  It  molt  be  borne  in  mind  that,  on  any  night,  ohserrations  ought  to  be 
made  of  distances  from  stars  on  both  sides  i  that  pardcular  care  should  be 
taken  to  make  the  star  sweep  on  the  moon's  limb  ;  and  that  observations 
should  be  made  after  full  moon  as  well  as  before  il.  In  using  the  aaztant  the 
index  error  ought  to  be  determined  as  near  as  may  be  to  the  time  of  observa- 
tion. In  using  the  reflecting  circle,  the  three  verniers  shonld  always  he  read. 
In  nsii^  the  repeating  reflecting  circle,  the  two  verniers  of  that  arm  which  is 
read  should  always  be  read. 

5.  It  will  probably  be  beat  to  defer  the  reductions  of  the  observations. 
But  if  there  is  leisure,  you  may  proceed  with  the  following  cautions,  aome 

of  which  are  not  usually  considered  by  nautical  computers.  With  the  Green- 
wich time,  by  account,  compute  the  moon's  "  Horizontal  Farallaic,"  from  the 
Nautical  Almanac  (which  is  equatorial  horizontal  parallas)  and  "semidia- 
meter"  (which  is  geocentra:  semidiameter). 

For  the  spheroidal  form  of  the  earth,  multiply  the  equatorial  horizontal 
parallax  by  I— e  sin'  latitude,  or  diminish  it  by  the  part  exjtressed  by  eXain* 

latitude  (which  in  the  boundary  latitudes  will  not  senaihly  difler  from  rrgr  part, 

or  5'  to  e*),  and  you  have  the  true  horizontal  parallax,  to  be  used  in  every 
part  that  follows. 

Mvitiply  thegeocentrk  semidiameter  by  1  ^'  coa  moon's  zenith  distance  X  sin 
horizontal  parallax,  and  you  have  the  augmented  senudiometer,  to  be  used  in 
every  part  that  follows. 
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Apply  the  augmented  semidiameteT  (and  also  tiie  sun's  semidiameter,  if  the 
sun  was  the  other  ol^ect,)  to  the  observed  distance,  additirely  if  the  nearest 
limbs  were  observed,  Bubtraotively  if  the  opposite,  and  you  have  the  observed 
distance  of  centree.    Celt  this  D. 

To  the  moon's  observed  zenith  distanofl  of  limb  apply  the  augmented  semi- 
diameter,  and  you  have  the  observed  zenith  distance  of  moSn's  centre. 

To  take  into  account  fatly  the  spheroidal  form  of  the  earth,  compute  the 
"  angle  of  the  centre"  for  the  place  by  the  formula  11'  25'  X  sin  'latitude 
(which  for  the  boundary  latitudes  will  not  sensibly  differ  from  11'  SS"),  and 
diminish  the  moon's  zenith  distance  by  angle  of  the  centre  x  cos  azimnth  fi^in 
south,  ar  increase  it  by  angle  of  the  centre  X  COB  aidmutb  from  north  (if  the 
sun  be  north  of  the  east  or  west).  When  the  zenith  distance  is  so  altered, 
caU  it  Z. 

Do  the  same  for  sun's  centre  and  call  the  result  ^.  If  the  other  object  were 
a  star,  ^  is  simply  the  zenith  distance,  atfecled  by  angle  of  the  centre  X  cosine 
of  aiimath. 

6.  For  the  zenith  distance  ^,  add  the  retraction  computed  as  usual,  and 
(if  the  sun)  subtract  the  parallax  comput  ed  by  the  formula  B'  '7  sin  ^,  and 
the  result  is  true  zenith  distance  of  sun  or  star.    Call  this  t"- 

For  the  zenith  distance  z,  add  the  refraction  computed  as  nana],  and  sub- 
tract the  parallax  computed  by  the  formate,  true  horizontal  parallax  X  ^in  i, 
and  the  result  is  true  zenith  distance  of  moon's  centre.    CaU  this  i". 

7.  Then  the  computation  for  the  true  distance  of  centres,  or  ly,  is  this  : — ■ 


This  form  of  calculation  is  accurate. 

8.  When  the  corrected  distaoca  of  centers  is  thus  obtained,  it  is  to  be 
compared  with  the  distances  given  for  every  three  hours  in  the  Nautical 
Almanac,  and  by  taldng  proportional  parts  among  them,  the  Greenwich  mean 
solar  time  will  be  found,  l^ea  I  recommend  that  this  Greenwich  mean  solar 
time  be  converted  into  Greenwich  sideral  time,  and  the  diS^rence  between 
this  and  the  wderal  time  of  observation  at  the  place  will  be  the  longitude  of 
the  place. 

S.  (fi)  Transits  of  the  moon ; — a  very  simple  and  tolerably  accurate 
metiiod  1  but  as  only  about  eight  observations  can  (usually)  be  taken  in  a 
month,  and  as  the  moon  can  be  observed  at  no  time  bat  on  the  meridian,  it 
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will  not  be  s&fu  lo  rely  npOD  it,  except  in  a  r««ideiice  of  manj  moDths'  cod- 
tiamitioa. 

10,  He  process  of  obserring  ia  simpl}'  to  pkce  the  tranait  inetmraent  in 
good  BtyuBtment,  and  to  obsena  transits  of  the  moon's  bright  limb,  of  clock 
sUin,  and  of  stars  girea  in  the  sectioii,  "  Moon  culminating  atarB"  of  the 
Naatioal  Almanac  Then,  inferring  the  clock  error  either  &om  the  clock  stars 
or  from  the  moon  cnlminating  stars,  and  applying  Qiis  clock  error  to  the  oh- 
serred  time  of  transit  of  the  moon's  limb,  you  hare  the  right  ascension  of  the 
moon's  limb  at  passage. 

11.  To  compote  from  this  the  longitude^  First  it  mnst  be  remarked,  tlut 
in  the  section  of  the  Nautical  Almanac,  the  right  ascension  of  the  bright  limb 
only  at  transit  at  Greenwich  is  given  ;  but,  as  the  duration  of  semidiameter's 
passage  is  given,  by  adding  or  subtracting  twice  this  quantity,  you  maj  obtain 
the  right  ascension  of  Che  other  limb  at  transit  at  Greenwich.  Thus  in  the 
following  computations  yon  will  be  able  to  collect  ri^t  ascensions  at  Green- 
wich transit  all  for  the  1  £,  or  all  for  the  S  L,  accordii^  as  the  1  £,  or  the 
3  £  is  observed  at  the  place.  Havii^  formed  these,  (if  necessary)  take  the 
right  ascension  for  the  Greenwich  transit  coirespanding  to  the  obserration, 
for  the  preceding  day,  for  the  following  day,  and  for  the  lower  passages  which 
fall  between  them  ;  place  them  in  proper  OTder,  and  take  their  differences  as 
far  as  the  fonrth  difference— thus : 

Differences. 
1st.     and.     3rd.        4th. 
Preceding  day, A         ^■ 

Lower  passage   preceding,  A  ,  _,         .  „ 

Corresponding  day A  A'  .» 

Lower  passage  following,  ..A  i  .       "  o 

Following  day A  ^^ 

Form  the  coefficients   e  =    ■— — 


Then  the  right  ascension  of  moon's  limb  at  transit  in  west  longitude  £  will  he 

12.    As  the  longitude  of  the  station  by  account  will  not  be  greatly  in  error, 
Ihe  easiest  method  wiU  probably  be  to  assume  two  values  for  £,  one  five 
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minntea  greater,  uid  the  other  five  minutes  leu,  than  the  longitude  bj  account 
(or  when  more  accuratelj  known,  one  one  minnte  greater  and  one  one  minata 

leas).    The  It^fftritbma  of  rr^'  &c^  for  these  two  values  can  b«  prepared  and 

will  always  be  ready.  Then  compute  from  the  last  formula  the  right  ascen- 
sion on  each  aasomption,  find  the  change  produced  by  ten  minutes  or  two 
minutes  of  longitude,  and  find  by  proportional  parts  what  alteratjon  must  be 
applied  to  the  smaller  longitude,  in  order  that  the  right  ascension  by  rormulai 
may  agree  with  tight  ascension  by  observation  ia  10. 

Vbbv  qbbat  care  must  be  used  throughout  this  operation,  to  apply  the 

aigni  SISICTLT   ACCOBDISO   to   the    HtlLEH    OF    ALOEBKA. 

13.  fy.)  Longitude  by  zenith  distances  of  the  moon.  This  ia  a  very  good 
method,  provided  the  observations  be  made  not  very  far  from  6^  sidereal  time 
(whatever  may  be  the  season  of  the  year).    It  would  fail  if  the  sidereal  time 

Thus  in  sprii^  (equinox)  the  most  favourable  time  of  day  would  be  an 
hour  or  two  before  or  after  six  in  the  afternoon. 

In  summer  (solstice)  an  hour  or  two  before  or  after  noou. 

In  autumn  (equinox)  an  hour  or  two  before  or  after  six  in  the  morning. 

In  winter  (solstice)  an  hour  or  two  before  or  after  midnight. 

The  age  of  the  moon  is  of  little  importance,  provided  that  sometimes  the 
preceding  limb,  and  sometimes  the  following  limb,  is  observed. 

14.  For  the  observation,  I  recommend  that  the  altitude  and  azimuth 
instrument  be  well  adjusted,  and  that  the  transits  of  the  moon's  limb,  in  its 
sloping  upward  or  downward  motion,  be  observed  over  all  the  horizontal  wires, 
and  that  the  mean  of  these  times  of  transit  be  held  to  apply  to  ^e  observa- 
tion on  the  middle  horizontal  wire.  (If  it  ia  certain  that  the  wires  are  truly 
hoiizonal,  the  instrument  should  be  kept  unmoved,  if  this  is  not  certain,  the 
bomontal  tangent  screw  should  be  used  to  make  the  moon  pass  each  wire  at 
its  middle.)  Then  read  the  microscopes  and  levels,  reverse,  and  do  the  same 
again.  Thus  the  apparent  zenith  distance  of  limb  will  be  known  with  great 
accuracy  at  a  certain  chronometer  time.  The  chronometer  error  being  ascer- 
tained from  observations  of  stars,  the  sidereal  time  will  be  known. 

15.  Compute  the  refraction  and  the  parallax  (the  latter  by  the  formula, 
true  horizontal  parallax  X  sine  apparent  zenith  distance  of  limb,  corrected  by 
the  quantity  angle  of  centre  X  cosine  azimuth),  and  applying  them  to  t^e 
apparent  zenith  distaace  of  limb  (adding  refraction  subtracting  parallaK),  you 
have  geocentric  zenith  distance  of  limb.  Apply  to  this  the  semidiameter  as 
taken  from  the  Nautical  Almanac,  and  not  augmented,  and  you  have  the 
geocentric  zenith  distance  of  centre. 

16.  The  longitude  by  account  being  nearly  known,  assume  two  longitudes, 
one  greater  and  one  less.  For  each  assumption,  apply  the  longitude  to  the 
Bideraal  time  at  the  place,  which  gives  the  sidereal  time  at  Greenwich,     Con- 
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Tert  tliis  into  mean  solar  tiiae  at  Greenwich  ;  with  tbis  meaji  solar 
the  hoorl;  ephemerii  of  the  Naatical  Almanac,  compute  the  moon's  righl 
asceniioii  and  h.  p.  d.  by  simple  proportion  of  the  hourly  change.  Then  pro- 
ceed to  find  the  hour  angle,  eiactly  aa  if  it  were  a  star,  nsing  the  geocentric 
lenith  distance  of  centre,  the  colatitude  of  the  place,  and  then.  p.  c.jnst  com- 
puted. Apply  the  hour  angle  to  the  right  ascension,  and  thus  oblain  the 
pated  sidereal  time  ;  obtaining  two  computed  sidereal  times  from  the  too  aa- 
■nmpdons  of  longitude,  you  wUl  End  (as  in  other  cases)  what  correction 
be  applied  to  the  smaller  longitude,  in  order  to  make  the  computed  sidereal 
time  agree  with  sidereal  time  at  the  obserrations  of  the  moon. 

17.  rs.)  Longitude  by  occultations  of  stars  by  the  moon.  Suppose  the 
disappearance  of  a  star  behind  the  moon,  or  the  re^pearance  of  a  star  from 
behind  the  moon,  has  been  observed,  and  the  chronometer  time  noted  (the 
calculation  is  predaely  the  same  for  disappearance  or  reappearance).  Correct 
the  chroDometer  for  its  error,  and  thus  the  true  sidereal  time  at  the  plac« 

18.  Assume  two  values  of  longitode,  one  greater  and  one  less  than  tiie 
reputed  values,  and  by  applying  these  to  the  sidereal  tine,  form  the  sidereal 
times  at  Greenwich  ou  the  two  assumptions,  and  convert  them  into  mean  solar 
times  at  Grecnwit^.  With  these  mean  solar  times  compute  (by  the  hourly 
ephemeris)  the  right  ascension  and  v.  r.  s.  of  the  moon's  centre  on  each  as- 
sumption ;  also  the  equatorial  horisoatal  parallax  and  the  aemidiameter,  end 
from  the  equatorial  horizontal  parallax  obtain  the  true  horizontal  parallax 

19.  The  latitude  of  station  to  be  used  in  the  following  computations  is  the 
geocentric  latitude,  which  wiU  be  found  generally  by  diminishing  the  astro- 
nomical latitude  by  the  angle  of  the  centre,  and  which  in  the  boundary  lati- 
tudes, viz.  45°  to  48°,  will  be  found  by  diminishing  the  astronomical  latitude 
by  11' 25". 

SO.  Take  from  the  Nautical  Almanac,  section  occultations — elements,  the 
right  ascension  and  n.  p.  d.  of  the  star  whose  occultation  has  been  observed. 
From  the  right  ascension  and  time  find  the  hour  angle.  Put  9  for  the  hour 
angle  and.S  for  the  s.  p.  v.  Then  determine  a  new  rightaa 
new  H.  P.  D.,  S*,  by  the  following  equations  ; — 

n.  0'  =     sin  fl  X  true  hor.  par.  X  c( 


sinB  X  gin  8  X  true  hor.  par.  X  sine  latitude 
sinei(e+ti') 

_  (e—ff)  X  aine  (g+g'-iBO°) 
"■  2  tan  i  (fl+tC) 

3—3'  =  ist  No.  +  2ndlio. 
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SI.  These  equations  ue  k>  be  loiTed  bj  socceMive snbatitatioii.  Tvoaub- 
ititatioiiB  will  ostull;  be  sufficient  Thus— first  Bsanme  f  to  be  the  swne  m  2, 
and  Erom  the  first  equation  determine  g.  Use  this  in  the  two  other  eqnatiooa, 
and  700  will  get  1st  No.,  2nd  No.,  and  2",  very  nearly.  Use  this  new  raltie  of 
J  in  the  first  equation  and  yon  will  get  fl— ff  much  more  Bocurately  ;  then 
by  means  of  the  other  two,  J'  can  be  got  still  more  aocorately  ;  and  bo  on . 
agun  if  yon  think  fit. 

22.  With  this  new  boar  angle,  9',  and  the  sidereal  time,  determine  a  new 
right  ascension  ;  then  caloulate  U>e  following  quantity: — 

Computed  semidiamater  of  moon — 


D.  of  moon's  centre  | 


=]■} 


This  is  to  be  computed  on  the  two  assumptions  for  longitude  (which  hara 
giien  two  right  asoenaions  and  v,  p.  d.  of  moon's  centre). 

as.  The  computed  semidiameter  ought  to  agree  with  the  Nautical  Almanac 
semidiameter  found  in  IB.  If  neither  of  the  two  assumptions  of  lonptnde 
makes  it  do  so,  one  of  them  must  be  altered  by  a  proportional  part  of  their 
difference,  found  in  the  same  manner  as  in  other  oases  where  two  longitudei 
are  tried. 

24.  ([\  Longitude  by  eclipses  of  Jupiter's  satellites — a  very  rough  me- 
thod. The  observation  is  merely  to  note  the  last  instant,  or  the  first  instant 
(according  as  it  is  dis^>pearance  or  re^ipearance)  of  the  satellite.  The  com- 
potation  is  merely  to  correct  this  for  chrooometer  error,  so  as  to  obtain  aide- 
real  time,  and  to  compare  this  irith  the  Greenwich  sidereal  time  given  in  the 
Nautical  Almanac. 

25.  In  regard  to  the  effects  of  errors  of  obserration,  the  following  remarks 
should  be  borne  in  mind  : — 

A  certain  error  of  time  in  taking  a  lunar  distance  produces  that  same  error 
in  the  deduced  longitude.  An  error  in  the  measure  of  one  second  produces 
about  two  seconds  of  time  in  the  longitude. 

An  error  of  one  second  of  time  in  a  lunar  transit  produces  about  thirty  se- 
conds' error  in  the  longitude. 

Anerror  of  one  secondof  timeina  lunar  lenltb  distaooe  will  produce  at 
leatt  tiiirty  seconds  of  time  error  in  longitude,  sometimes  considerably  more. 
An  error  of  one  second  in  aenith  distance  produces  at  iecut  two  seconds  of  time 
in  longitude,  sometimes  considerably  more. 

An  error  of  one  second  of  time  in  an  ocfniltatian  produces  one  second  of 
time  in  the  loi^tnde. 

The  same  in  the  observations  of  eclipses  of  Jupiter's  sateUites. 


In  illustration  of  the  part  (Ji)  transits  of  the  moon,  the  following  obserra- 
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tioM  Mvl  cslenlUimu,  made  «t  the  itadon  of  Lake  Mraiphnunagtig,  in  Ctsa- 
da,  are  giTBii, 

The  traiuiti  of  the  itut  aad  th«  mooii'B  bright  limb,  are  the  mean  of  the 

At*  vrire*  irithoot  anj  correction  (which  is  nimeceMV;)  for  aaimalhal  error. 

r.Airiii  MEUFHBAHAGOQ,  1S49. 

Cakvlaliinu  Jbr  Longitada  fivm  abttrvtd  Lmar  TVoiintf. 

Values  of  (  r^i )  —    (  ^^  )    tto.,  Miiuniiig  the  Longitudes  at  lb.  48m.  and 

4h.49m. 

(^\  288    L<«.388  —  9'4S939S 
IS'/  7aO  ^  „  780  —  a-857332 

T'60306O 

{^y~ '■■«""'• 

(ip)    - 2-806180 

(i^)-  8-408240 


/^\  Leg.  389  —  34G0S9T 

\\i^)  „     720  >>  2.S37332 

T-603S8S 

iM" ^*"'~ 

(iai)'-  -•" 181069S 

(i§^y= ^""«" 


fi' Sagittarii.          A.  8.  Call!. 

B.   h;    B. 

s.  N.    a. 

Tt        18  14  49-46    Tt. 

18  SO  41  1 

DJs  TransU         19  23  47-18 
Chron.  £ut               10  15-40 

B.A.     18    4  33-87    K.A. 

18  20  25-89 

10  15-G9 

10  15-31      J 

'sB.A.atPMw«e,    19  13  31-78 

S)                  M 

10  15-40 

PwcedingDay, 

17  S5  40-57 

H.      S. 

+ 

32  31-50          a. 

Lower  Faasage  Preceding, 

19  88  13-07 

—  «-62      a. 

+ 

32  34-98               —11-43       8. 

CorreBpondingDay, 

19    0  37-05 

— 17-95               +  2-10 

+ 

32    7-03                —9-33 

Lower  Passage  Foflowing, 

19  32  441)8 

-37-38 

+ 

31  39-75 

PoUowingDay, 

20     4  23-83 

75 —  (+ -087)  =  — 9-083 

i.  u.    ■• 

=-  +  33  16-005— (— I -73)=*+S3 17-785 
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B.  A.  =  19    0  37-OS  RA.=19    0  37-OG 

+  lM7-7Sa=3-a8T294  =3-a87M4 

7-603060  rsosses 

)-  S  X  ^iT»^  =-.  +  0  12  55-90           =    288935*   +  0  12  57-78»a^fl90859 

—9-062=0-957224  l>99T821 

7-201120  7-207130 

t- e  X  (^i^y=  — "    °    •■"      ="      0161344  —  0  0    1  ■46=0-164354 

—1-730=0-236046  0-238046 

2-806180  2-810695 

I- d  X  ('^Y— ~ "    0    ''■I^               "-044886  —  0  0    0-ll-.7-04e7*l 

'■'>*(i^)'=+°    "    fMO-087-l               +0  0    OflO    I 

19  13  80-58  19  13  33-26 

y*  B.  A.  at        19  13  31-78  Fusage-  19  13  30-sa 

0    0  01-80  0    0  03-68 


S-68)       72-00       (26-86 


2144 
-1760 


IiOi^tnde  =  4    48    26-86* 

III  addidoQ  to  the  foregoing  methods,  it  may  be  useful  to  lay 
down  the  process  of  detenniniDg  the  difference  of  lon^tade 
between  two  places  by  a  chronometer.  Suppose  A  and  B  to 
be  these  two  places.  At  A  find  the  error  and  rate  of  the 
chronometer,  and  then  transport  it  to  S.  At  the  latter  station 
take  8  time  observation  with  the  same  chronometer ;  the  time 
at  S  being  hnown,  and  that  at  A  being  dedaced  from  the  in- 

*  From  (he  Corps  Fftpera  and  Hemoira  on  Milituj  Sal^jecU  of  the  Boyil 
ULd  Bast  lodift  Compwij'B  Engineers,  toI.  L,  pp.  311,  318. 
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dication  of  the  chronometer,  the  difference  between  these  two 
elements  is  the  difference  of  the  lon^tude  required. 

In  practice  when  a  chronometer  is  carried  orer-land,  it  can* 
not  be  relied  apon  in  furnishing  a  rery  accarate  difference 
of  longitude  between  two  places,  as  its  rate  becomes  liable  to 
irregular  variations  from  the  jolting,  attendant  on  its  transport 
Bttt  the  uncertainty  which  arises  from  the  employment  of  one 
chronometer  may  often  be  got  rid  of  by  the  nse  of  several, 
when  the  mean  of  all  the  results  may  be  assumed  as  the  trae 
difference  of  longitude,  between  the  two  stations  of  observa- 
tion. 

In  exploring  new  conntries,  or  in  accompanying  armies  on 
a  foreign  expedition,  the  time,  necessary  for  making  longitude 
observations,  cannot  be  spared ;  in  such  ca^es  the  difference 
of  longitude  between  two  places  may  be  determined  by  means 
of  a  route  survey  combined  with  Azimuth  observations  in  the 
following  manner : 

It  ought  to  be  premised  that  the  object  of  such  a  survey  is 
not  so  much  to  lay  down  the  road,  as  to  fix  with  accuracy  the 
positions  of  distant  places ;  with  this  view  the  stations  selected 
along  the  route,  should  be  as  few  as  possible,  and  not  less  than 
one  mik  apart  The  line  of  the  road  may  be  followed  when- 
ever stations  can  be  fixed  thereon  fulfilling  these  conditions. 
But  as  this  is  a  circumstance  which  is  not  always  obtainable 
in  practice,  the  road  sometimes  deviating  from  a  straight 
course,  and  passing  through  towns  which  obstruct  a  distant 
view  in  front ;  the  trace  of  the  route  in  such  cases  may  be 
carried  out  of  the  direction  of  the  road,  so  as  to  pass  clear  of 
the  obstructing  towns,  which,  if  requbed,  may  be  connected 
with  the  trace  aforesaid  by  offsets,  or  by  subsidiary  routes 
executed  with  different  or  inferior  instruments. 

There  ought  to  be  at  least  three  perambulators  for  executing 
the  linear  measurement,  their  errors  being  previously  ascer- 
tained by  rolling  them  over  a  distance  fixed  by  a  trigonometrical 
operation.    Two  perambulators  would  be  insufficient,  for  in 
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case  discrepant  results  occurring,  they  will  remaio  nnaccounted 
for,  the  perambulator  which  has  gone  wrong,  being  detectable 
only  by  the  employment  of  a  third.  At  the  commencement  of 
the  surrey  the  perambulators  being  set  to  dissimilar  readings, 
they  will  read  differently  all  the  way,  and  thos  prove  an 
effective  check  on  the  erroneous  reading  and  noting  of  the 
distances. 

A  7-inch  Theodolite  will  be  the  best  instrament  for  making 
the  necessary  angular  measurement 

The  distances  and  angles  of  the  route  will  require  to  be 
measured  according  to  the  method  of  the  Ray  Trace  Survey. 
In  addition  to  these  measurements  it  will  be  necessary  to  take 
latitude  and  Azimuth  ohiervations  at  the  origin,  and  in  the 
vicini^es  of  large  towns,  which  are  about  one  degree  or  sixty 
miles  asunder,  and  also  at  the  terminus.  With  good  instru- 
ments both  the  latitude  and  Azimuth  in  each  instance  may  be 
ascertained  with  sufficient  accuracy  in  two  or  three  days. 

When  all  these  observations  are  completed,  the  reduction  of 
the  route  may  be  performed  in  the  following  manner : 

Let  A  and  B  be  two  consecutive  stations  on  the  route 
where  astronomical  observations  have  been  made.  It  is  clear 
first  that  the  direct  distance  from  A  to  B  may  be  deduced 
according  to  the  Kay  Trace  Method;  2nd,  that  with  this  dis- 
tance, and  the  observed  latitude  and  Azimuth  at  A,  the  latitude 
of  B,  the  back  Azimuth  of  A,  and  the  difference  of  longitude 
between  A  and  B  may  be  computed  as  shewn  in  Chapter  IS, 
Part  3;  and  that  lastly  a  similar  deduction  with  reference  to 
A,  may  be  made  from  the  observed  elements  at  B. 

When  these  deductions  are  finished,  it  will  be  seen  that  A 
and  B  will  each  possess  two  latitudes,  one  derived  from  obser- 
vation, and  the  other  from  computation;  and  that  likewise 
there  will  be  two  computed  differences  of  longitude  between 
these  stations.  If  these  results  are  accordant,  it  may  be  taken 
as  a  proof  of  the  accuracy  of  the  work.  But  as  an  agreement 
of  this  kind  will  rarely  occur  in  practice,  the  best  mode  of 
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deaUiig  with  tlie  discordant  data,  is  to  take  in  erery  instance 
the  observed  laUtades  and  the  mean  between  the  two  compnted 
differences  of  longitude,  as  the  true  values  of  these  elements. 

The  limits  A  and  B  of  the  ronte  being  fixed,  the  inters 
mediate  points  may  be  adjosted  according  to  the  method 
ezplamed  at  pp.  381,  383. 

In  the  Appendix  will  be  found  a  list  containing  the  lati- 
tudes and  longitudes  of  many  well-known  fixed  places,  derived 
from  the  Great  Trigonometrical  Snrvey  of  India,  which  will 
afford  the  best  information  to  the  Surveyor,  in  the  prosecntion 
of  any  Survey  operations  within  the  limits  of  the  District 
specified.  They  have  been  arranged  alphabetically  according 
to  Districts,  and  the  three  PresidencieB  separately  detailed. 
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For  convertinff  InUrvaU  of  Mean  Solar  ^ime  into  Equivalent 
Intervalt  of  Sidereal  Time. 
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TABLE  K. 

Skewing  the  correction  to  be  applied  to  a  Barometer  with  c 

Brass  Scale,  extending  from  the  Cittern  to  the   Top 

of  the  Mercurial  Column,  to  reduce  the 

Observation  to  52°  Fahrenheit 
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correction  to   be    applied  to    a  Barometer    wit 
■ass  ScaU,  extending  from  the  Cistern  to  the   Top 
of  the  Mercurial  Column,  to  reduce  the 
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EXPLANATION  AND  USE  OF  THE  TABLES. 

Tablb  a. 
For  Correeting  Gunter'i  Chains  tjf  100  LttJu. 

In  the  oae  of  chains,  the;  are  found  to  atreCch  and  anlesB  this  quantity  il 
molt  carefullj  observed  dillj  by  comparison  with  a  standard,  all  the  me*- 
anrementi  made  will  be  erroneous  and  in  d^ect  in  proportion  M  the  chain  is 
too  long.  Thit  Table,  therefore,  gives  the  equivalent  in  links  to  bt  added  for 
every  inch  from  one  to  eleven. 

Suppose  a  chain  to  have  stretched  4  inches; — then  for  every  10  chains 
measured,  in  the  column  of  links  opposite  10  and  under  the  heading  of  4 
inchec,  will  be  found  B-05I  the  number  of  links  to  be  added,  to  bring  the 
chains  to  their  proper  standard  teDgth,~and  vice  vtnS  for  cbuni  too  short 
the  same  quantity  will  be  dtdvcud. 

Tabl^  B. 
For  reducing  Chain*  to  the  Decimal  parts  of  a  ffli&. 

This  Table  is  osefiil  in  the  protraction  of  the  co-ordinate  distances  for 
general  maps  on  the  Geographical  scale.  For  plotting  the  latitude  and  depar- 
ture poinu  from  the  first  statiou  in  the  series  as  given  in  the  main  Circuit 
Travej^se,  the  distances  require  to  be  divided  by  BO  for  the  convenience  of 
scale.  By  the  Table  this  is  avoided  and  the  chance  of  error,  by  frequent 
■mall  divisions,  obyiated.    Thus  i 

To  obtain  tbe  value  of  315  chains  in  miles  and  decimals,  look  for  the  even 
tecs  and  hundreds  (340)  in  the  top  lines  of  the  Table,  and  for  the  odd  chains 
(G)  in  the  left  hand  column,  at  the  intersection  of  these  two  colonms  will  be 
found  4'3135  the  number  of  miles  sought. 

T.1BLB   C. 

bhowing   the   leiigth   of  a  degree,   minute  and  second   of  Latitude  asd 

Long^MUffor  every  degree  of  the  Quadrant,  the  compression  of  the 

earth  beiitg  assumed  ffn- 

This  Table,  (extracted  from  Boileau's  Traverse  Tables)  is  calculated  by  the 
Formalv  xliii,  page  116,  of  Mr.  F.Baily's  Astronomical  Tables  and  Formubs) 
the  compression  of  the  earth  at  the  poles  b^g  assmned  ^,  and  the  mean 
d^ree  of-latitnde  taken  at  864547  feet.    The  first  ten  degrees  of  latitude  and 
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longitude,  and  afterwords  eveiy  fifth  iegree,  were  computed  by  (he  FormulK, 
the  interniBdiate  degrees  being  filled  ifl  bj  interpolatioii,  faj  diflerenoea  carried 
out  as  fitras  such  could  be  done.  The  degrees  of  ladtade  sre  calculated  for 
the  latitudes  of  their  middle  points  :  for  instance,  the  degree  in  the  Table  on  a 
line  with  the  aumber  37,  in  the  first  column,  is  that  degree  which  extends 
from  latitude  26°  80'  tfl  latitude  27"  30',  and  in  like  manner  of  the  rest.  The 
degrees  of  longitude  are  computed  for  the  parallels  of  latitude  expressed  bj 
the  nnmbers  in  the  same  line  in  the  column  designated  "  distance  from  the 
equator." 

The  use  of  this  Table  is  to  convert  the  Tabular  traverses  espressed  in 
units  of  linear  measure  into  their  equivalent  values  of  latitude  and  longitude 
in  are :  i.  e.  in  degrees,  minutes,  etc.  for  that  part  of  the  earth's  surface  to 
which  the  traverses  belong.  Eor  a  further  description  of  the  nse  of  this 
Table,  see  pages  362,  363,  etc 


For  converting  Chaini  OTtd  Linh  into  Feet  and  Decimtds 
of  Feet. 

It  frequently  happens  that  measurements  made  in  one  denomination  require 
to  be  converted  into  their  equivalents  of  another  denomination,  for  instance, 
route  surveys  are  generally  measured  with  instruments  registering  yards  or 
feet ;  and  circumstances  may  occur,  and  do  ^equently  happen,  where  instru- 
ments cannot  be  readily  procured,  which  induce  the  necessity  of  making  all 
measurements  of  every  kind  in  one  or  other  of  the  above  denominations. 
Land  surveys  are,  however,  generally  made  in  Giinter's  measure  or  in  Unks, 
the  lOOOth  part  of  a  turlong  ;  and  this  is  the  most  convenient  of  all  measures 
for  determining  the  acreage  of  any  extent  of  surface  ;  but  for  geograpiiical 
purposes  the  standard  nnit  being  the  English  foot,  those  measurements  are 
most  convenient  which  are  made  in  this  denomination,  the  length  of  degrees 
of  latitude  and  longitude  being  most  frequently  expressed  in  tables  in  feet 
also.  The  arrangement  of  this  table  (taken  from  Boileau's  Traverse  Tables) 
requires  no  explanation. 

There  being  two  significant  figures  in  the  number  of  chains,  the  first  de- 
noting tens,  the  second  units,  the  equivalents  must  be  taken  out  for  each  se- 
parately. Enter  the  column  of  chains  corresponding  to  the  significant  figures 
in  the  first  part  of  the  table,  where  it  is  an  exact  decimal  multiple  of  that 
Dumber,  or  in  the  first  or  second  part  of  the  table,  according  as  the  number  of 
links  is  more  or  less  than  BO.  When  the  whole  distance  is  less  than  10  chains, 
the  first  part  of  the  equivalent  value  is  found  in  the  same  column  under  the 
number  of  chuns  and  in  a  line  with  the  number  of  links  in  the  column  so  de- 
signated ;  the  last  part  of  the  equivalent  is  found  in  the  column  headed  deci- 
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null  of  f«et,  of  which  there  ii  one  for  each  pftrt  of  the  t«b1e.  The  decimkl 
puM  are  taken  oDt  u  whole  nniuben,  removing  the  decinul  point  in  the 
«quiTalen(  number  as  mvaj  pUcea  as  it  ii  removed  in  the  originaL  Given 
the  length  of « line  in  a  inrvej  47,2S'6  links  required  its  equivalent  in  feet 
and  decimals. 

Ch.    ...    Lks.  Ft.  ...    Dec. 


U-«    3118 


T*BLB  E. 
Atmotphfriad  Re/raetUms. 

This  Table  from  the  ITautical  Almanac  of  1826,  is  computed  upon  principles 
explained  bj  Db.  Yodko  in  the  Philosophical  Transactions  for  1819  ;  and  it 
appears  to  agree  more  perfectly  with  the  latest  obseFvatiom  than  any  other 
table  that  has  been  puUished.    The  formula  employed  is 

■OO02S35  —  o  +   (2-47  +'5  u*)  -p-     +  SeOO  n   -3-  +  3S00  (1-335 

+  -as  ti*)  --(-  ;  r  being  the  fraction,  v  the  sioe  of  the  altitude,  and  «  the 

The  apparent  altitude  being  found  in  the  first  column,  the  second  shows  the 
refraction  when  the  baromeler  atanda  at  30  inches,  which  is  its  mean  height 
on  the  level  of  the  sea,  and  the  thermometer  at  S0°  of  Fahrenheit^  The  third 
column  oontaios  the  difference  to  be  subtracted  or  added  for  ever;  minute  of 
altitude,  reckoned  fcom  the  nearest  number  in  the  first  coUunn.  The  fourth 
shows  the  number  of  seconds  to  be  added  for  every  inch  that  the  height  of  the 
barometer  exceeds  30,  or  to  be  subtracted  for  each  inch  that  it  waifts  of  3D  : 
and  the  last  contains  the  number  of  seconds  to  be  subtracted  for  each  degree 
that  the  thermometer  stands  above  S0°,  or  to  be  added  for  each  degree  that 
its  height  wants  of  50°. 

If  great  accuracy  be  required,  we  mnst  also  deduct  from  the  observed  hugkt 
of  the  barometer  *(XI3  1.  for  each  degree  that  the  thermometer  near  it  is  above 
50°,  and  add  an  equal  quantity  for  an  equal  depression.  In  fact,  however, 
the  table,  as  it  now  stands,  is  foond  to  require  the  temperature  to  be  estimat- 
ed from  the  height  of  the  thermometer  within  ;  and  if  we  employed  the  height 
of  the  thermometer  vrithout,  which  would  be  more  consistent  with  the  theory 
it  would  probably  be  necessary  to  suppose  the  standard  temperature  of  the 
table  4S°  only,  instead  of  SO". 
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BXAMFLES. 
I.    At  7°.  W.  13" Bv. ner  Thar. SS°,  the  Befr.  ii IC.  U", le, from  a ob>. af  Bndkf . 

i.    Atl«°.  l^.  19"Bk.  ao-OUTluT.  MP,  (hsBefr.  US'.  »",   G,rrom     3  obi.of  Briidlaj. 
3.    Atl3°.13'.        Bar.2a-S5  Thiir.  tf",  ths  B«b.  ii  3'.  U",  B5,  Irom  156  obi.  of  Hi.  Pond. 

1.    Alt.  v.  20'  E.  7'.    S»        Dar.  Alt.  ",9      B.  IVfi       Th.  ".W 


",19    B.   6",«1      Tti.'S* 


e.  u,M 

a.   Alt.  19° 

E.  V.  a"ji 

-          i,SS 
a.  4*,77 

6,M 

Diff.  AH. 

EfTor.. 

..! 

,  0   2.  «!,« 

8.    Alt.  13. 

W 

E.  3'.  £i4".6 

+           ^8 

B.  M.g8 

3.  SB.SS 

Diff.  Alt. 

Table  F. 

of  the  Sun. 

This  table  conteins  tlie  Parollas  of  the  Sun  at  difibrent  degrees  of  altitude 
above  the  horizon  and  for  different  months  of  the  jear.  To  find  the  Farallaz 
for  44  d^rees  of  altitude  for  the  month  of  April,  look  in  the  column  of 
altitude  for  44"  and  on  a  line  with  it,  and  under  the  oolunm  containing  the 
month  will  be  found  Ihe  parallax,  viz.  6''33  alwajs  additive  to  the 
altitude.    (From  Bagaj'a  Tables.) 

Table  O. 
For  reoernng  Angle*. 

Errors  will  often  occur  in  rerersiDg  the  inward  or  outward  angles  of  a  circuit 
snrvej.  By  this  table  the  complement  of  the  angle,  or  what  it  wants  of  360° 
can  be  obtained  withont  the  necessity  of  sabtractioo.  The  two  npper  lines  of 
the  table  contain  the  mntutu,  as  well  as  lecomb,  and  the  remaining  columns  the 
degreei  from  0  to  179  In  the  left  hand  divisions,  and  from  ISO  to  359  in  the 
right  band  divisions  of  the  columns. 
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To  obUin  the  complement  of  an  kngl«  subtending  348°  14'  nnder  14  in  the 
line  of  minntes  is  46,  and  in  the  left  diriiioa  on  a  line  iritfa  348  in  the  colmun 
of  degrees  is  11.    The  complement  of  tlie  angle  is  therefi>re  11°  46'. 

It  aeldom  happens  that  obserrations  are  taken  to  full  degrees,  but  in  cases 
where  there  are  no  minutes,  it  will  be  necessarj  to  add  1°  to  the  number  taken 
from  the  table.  Thu5  :  The  complement  of  an  angle  subtending  115°  nillbe 
244°  b;  the  table,  to  which  add  1°  will  give  a4S°  the  complement  required. 

Table  K 

Comparative  scale  of  Fahrenheit's,  Keaumur's  and  tbe  Centigrade  Thenno- 
metera,  (from  Boileau's  Tables)  for  determining  the  altitude  of  mountains. 
Eqtaralenti  to  Fahrtnheitt  Thenaometer  in  AeaKnmr'i  and  the 
Centigrade  ScaUi. 

The  Temperatures  of  the  Freezing  and  BoiUiig  points  b;  the  several  Ther- 
mometers, are  as  follows  ; 

By  Fahrenheit's  scale,  Freezing  point,  33°  Boiling  point,  213° 
„  Beaumur's    di^  „  0  ,,80 

„  Centigrade    ditto  „  0  „  100 

Let  x°  denote  any  degree  in  Fahrenheit's  scale ;  its  value  in  the  other  deno- 
minations will  be  expressed  bj  the  following  Equations  : 

x°  Fabrenbeit,  =  CiO_32)  x  J  Beaumur. 

„  „  ^  (lO— 32)  X  i  Centigrade. 

by  which  Formula  this  Table  has  been  computed. 

When  the  number  given  is  a  whole  degree  FahL  the  Equivalent  in  Degrees 
of  Reaumol'  and  the  Cent^rade  scale  is  found  in  the  proper  column,  and  in 
the  same  horizontal  line  with  the  given  degree  Faht. ;  but  when  the  ^ven 
number  contains  the  decimal  of  a  degree,  tbe  Equivalent  for  the  part  must  be 
fbund  by  proportion. 

Example.  Bequired  the  degree  of  the  Centigrade  Thermometer  correspond- 
ing to  206°'3  FahL 

206°    Faht,    =.    Se^-e?    Ceuligrado. 

■3        „    =    'i5  +  ^        =         -16 
206°'3      Faht  ■=    S6°-83     Centigrade. 

The  number  -56  is  the  diflereuce  between  tbe  eqnivabnts  in  Centigrade 
degrees,  to  206°  and  207°  Faht 

In  taking  out  the  differences  from  the  colomns  of  equivalents  for  fractions 
of  degrees  Faht  between  32°  and  0°  the  given  degree  Faht  and  tbe  one  next 
less  must  be  employed,  as  the  corresponding  value  of  Beaumur's  and  the  Cen- 
tigrade scales  increase  n^atively  below  32°  Faht 
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Tables  I  mo  J. 

For  eo>tverting  intervals  of  sideretd  time  into  equivalent  interval* 

of  inean  tolar  time  and  tn'ce  vend. 

The  tables  of  time  equivaleots  are  useful  for  conrerting  mean  solar  into 
sidereal  lime  imd  sidereal  into  mean  time  agreeably  to  the  example  anneied 
to  each  table.  They  will  serve,  also  for  tables  of  acceleration  and  retardation 
by  taking  the  difference  between  each  argument  and  its  eqniTilent  Thus  in 
table  J,  the  exeua  of  the  sidereal  time  equivalents  above  the  arguments  of 
mean  time  shew  tKcderation  of  sidereal  or  mean  solar  intervals  ;  and  in  table 
I  the  deftct  of  the  mean  time  equivalents  as  compared  with  the  arguments  of 
sidereal  time,  indicate  the  retardation  of  mean  on  sidereal  intervals. 

These  tables,  with  tbe  above  explanation,  are  given  from  the  Nautical 
Almanac.  , 

Table  E. 
Shmcing  the  correction  to  be  applied  to  a  Barometer  vnlh  a  bnaa  scale, 
exiendiitg  from  the  cistern  to  the  lop  of  the  mercurial  column,  to  reduce 
the  observation  to  32°  Fahrenheit. 

The  observed  height  of  a  Barometer  taken  at  different  temperatures  before 
they  can  be  compared  with  each  other,  will  require  reduction  to  one  common 
temperature.  The  reduction  consists  of  two  parts,  one  part  being  due  t«  the 
dilatJon  of  the  mercury  and  the  other  to  that  of  the  brass  scale  attached 
to  the  Barometer  ;  both  these  corrections  are  embodied  in  the  following 
formula  : 

C  =  Sum  of  tbe  two  corrections, 

B  ^  Observed  height  of  the  Barometer. 

!   of  the  Mercury  and  of  the   brass  so^e 
j>be  eqnaL 

m  ^  ■  000100  expansion  of  Mercury  for  1°  of  FahrenhdC 

6  =  •  0000106  ditto  of  brass  ditto  ditto. 

32"     Standard  temperature  of  Mercury. 

62°  Ditto,  ditto  of  brass. 
By  the  aid  of  this  formula  this  Table  has  been  computed  which,  as  it  is 
specially  intended  for  the  reduction  of  the  Meteorological  Observations  taken 
in  the  Surveyor  General's  Office  and  used  for  the  Printed  Monthly  Kegister, 
is  limited  to  the  range  of  the  atmospherical  pressure  and  temperature,  which 
occur  in  Calcutta  ;  the  former  extending  from  inches  2B'l  to  30'4,  and  tbe 
latter  from  60°  to  100°  Fahrenheit.  More  general  tables  on  the  subject  will 
be  found  in  the  Admiralty  Manual  of  Scientific  Enquiry,^.  319.  The  Corps 
Papers  of  the  Boyal  Engineers,  and  Boileau's  Tables  1849. 
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The  amuigement  and  iiie  of  thit  Table  will  be  be»(  understood  from  the 
followiDg  example  : 

Snppote  it  i«  required  to  compute  the  correctioii  for  Barometer  S9-780 
iDchee  and  Thermometer  83°  S. 

The  Tabular  number  for  29-8  inohe*  and  83°  Fahrenheit,    ...     *U5 
Alterfttion  forO-°3  Fahrenheit  deduced  by  the  common  rale  }       _,, 
of  proportion, J 

Required  correction, -lie 

Obserred  height  of  the  Barometer,    S9'780 

Height  reduced  to  32°  Fahrenheit, 39-631 

It  will  be  remembered  that  the  Tabular  correction  is  always  negatioe. 

Tables  L,  M  asd  N. 

For  amvertaig  acre»  into  beegaht  of  1,600  tqvare  j/wdt  and  vice  sertci, 

ahofor  converting  the  deeimalpart  of  an  acre  or  Bengal  beegah,  into  il$ 

eorretpenditig  adue  ofRoodt  and  Poles,  or  Cottaht  and  Chittaeki. 

The  explanation  of  these  tables  is  giveu  at  the  foot  of  each  table  with 

examples. 

Table  O. 

TabU  of  square  Measure. 

This  table  will  be  found  useful  in  the  khusrah  measurements,  for  checking 

the  mnltiplicHtiouB  of  the  sides  of  fields  to  obtain  the  contents.     The  mode  of 

using  it  together  with  an  example,  is  giien  at  the  head  of  the  table. 

Tables  P  aito  K. 
For  cmwerHng  acres  into  Seegaks  of  3,022  square  yard*  and  vice  versa. 

These  tables  are  calculated  in  the  same  manner  as  tables  L,  M,  and  N, 
and  are  made  use  of  in  a  similar  manner. 
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MBMOEANDDM  ON  THE  MUSEUM  OF  ECONOMIC  GEOLOGY 
OF  INDIA. 

Theobjectsof  the  Museum  of  Economic  Geology  of  India,  which  has  been 
established  b;  Oorernment  at  Calcntta,  nnder  orders  ftom  the  Honlile  the 
Court  of  Directors,  in  conjunctjon  with  the  Asiatic  Society  and  at  its  Booms. 
•rethefolloffijtg:— Thejare.as  scientific  men  will  perceira,  generally  those  of 
Economic  Geologists  in  all  countries,  but  there  are  some  pecnlliLrities  coonect- 
ed  with  India,  and  the  situations  of  Eoropeons  in  it,  which  will  oblige  us  to 
go  into  a  little  detail,  to  explain  to  those  who  may  not  already'take  an  interest 
in  these  matters,  our  wonts,  our  wishes,  and  oar  hopes  of  the  adrantages  which 
may  accrue  to  the  community  from  this  new  establishment.  Its  objects  then 
are  briefly  these — 

i.  To  obtain  the  most  complete  Geological,  Mineralogical,  and  Statistical 
koowledge  possible  of  »1!  the  mineral  resources  of  India,  wrought  or  unwrought, 
so  as  to  make  them  as  publicly  known  as  possible  ;  to  show  how  they  have 
been,  or  are  now  wroaght,  or  how  they  might  be  bo  to  the  best  advantage. 

2.  To  obtain  a  complete  set  of  specimens,  models,  and  drawings,  relative 
to  the  Mining  operations,  Metallurgical  processes,  and  Mineral  manufactures 
of  all  hinds  of  India,  and  of  Europe  and  America;  so  as  to  afford  to  the  pub- 
lic information  of  every  thing  which  can  be  tnmedto  account  here  or  in 
Europe,  and  perhaps  prevent  loss  of  time,  waste  of  capital,  and  disappoint- 
ment to  the  Indian  speculator. 

3.  To  Aimish  the  Engineer  and  Architect  with  a  complete  collection  of  all 
the  materials,  natural  or  artificial,  which  are  now,  or  have  formerly  been  used 
for  buildings,  cements,  roads,  &c.  and  of  all  which  may  possibly  be  used  in  this 
department,  whether  European  or  Indian. 

4.  Tocollectforthe  Agriculturalist,  specimens  of  all  kinds  of  soils  remark- 
able for  their  good  or  bad  qualities,  with  the  subsoil,  subjacent  rocks,  &c. 
and  by  examination  of  these,  to  indicate  their  various  peculiarities  and  the 
remedies  for  their  defects. 

5.  To  collect  fur  Medical  men,  the  waters  of  mineral  springs,  and  mineral 
drags,  &c.  &C. 

6.  And  finally,  by  chemical  examinations  of  all  these  various  specimens,  to 
determine  their  value,  and  how  they  may  be  beat  tomed  to  account  for  the 
general  benefit  of  the  community. 

With  objects  like  these,  the  Museum  of  Economic  Geology  may  be 
said  to  be  placed  between  the  purely  scientific  geologist  and  the  merchant, 
the  miner,  the  farmer,  the  manufacturer,  and  the  builder,  or  in  other 
words,  the  merely  practical  men,  who  may  desire  to  know  how  the 
knowledge  of  the  geologist  and  minenJt^st,— to  them  often  so  recondite, 
and  apparently  so  useless, — can  forward  their  views:  and  its  office  to  be, 
if  possible,  to  answer  all  questions  of  this  nature  which  may  arise  for 
pubUc  benefit. 
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niia  may  sometimes  be  done  from  book*,  but  the  great  librar;  mnst  be 
tbe  collecUoDS  of  our  Museum,  which  are  in  fact  a,  llbnry  of  exatuples,  to 
irhioh  the  commentary  is  tbe  laboratory }  where  uded  by  the  resources  of  the 
collectioii,  questions  may  oft«a  be  sol  red  iu  an  hour,  a  day  or  a  week,  which  it 
would  take  half  an  Indian  life  to  obtain  the  mere  materials  for  investigating. 
An  exteogive  collection,  then,  is  the  Erst  requisite,  and  this  should,  if  possi- 
ble, comprise  every  iuorgauic  product  of  the  earth  &om  which  mankind 
derive  any  advantage,  with  every  information  relative  to  it.  It  will  readily 
occur  to  the  reader,  that  in  India,  owing  to  her  infancy  in  some  of  the  arts 
dependeat  on  these  products,  as  in  mining,  agriculture,  &c. ;  and  ber  singular 
progress  in  others,  as  iu  peculiar  braacbes  of  Metallurgy  aod  the  like,  our 
almost  absolute  ignorauce  of  what  her  methods  and  resonrcea  are,  the  pecu* 
liarities  of  situation  in  which  these  resources  may  exist,  those  of  climate, 
workmen,  and  many  others,  we  have  almost  every  thing  yet  to  learn  ;  and 
that  to  accomplish  our  objects  we  cannot  be  too  well  furnished  with  all  the 
knowledge  and  examples  of  Europe  aud  the  Americas,  and  all  those  of  India, 
or  of  Asia.  Without  these,  our  progress  must  be  very  limited  i  but  in  pro- 
portion as  we  obttun  them,  we  may  hope,  without  presumption,  to  see  the 
day  when  the  mines,  the  quarries,  and  the  soil  of  India  may  be  done  justice 
to,  which  assuredly,  has  never  yet  been  the  case,*  In  this  all  Classes  are  so 
clearly  interested,  that  it  would  be  superfluous  to  show  it,  as  it  is  to  show  that 
the  resources  of  every  coimtry,  are  far  more  readily  developed  with  public 
means  for  investigating,  preserving,  aud  publishing  all  knowledge  belonging 
to  them,  than  where  none  such  exist. 

It  is  therefore  hoped,  that  those  who  may  be  desirous  of  assisting  this  great 
public  work,  will  bear  in  mind,  that  nothing,  however  familiar  it  may  be  to 
those  on  the  spot,  is  indifferent  to  us ;  /or  if  not  viantedfor  Ike  institution,  it  may 
term  to  procure  that  which  u  {  and  the  following  note  is  givea  rather  as  a  gene- 
rsJ  memorandum  than  a  specifying  all  which  is  desired.  The  general  rule  is 
l^st  details  cannot  be  too  nnmerous,  nor  specimens  too  Various,  particularly  if 
purely  Indian. 

■  It  is  curious  to  find  that  upwards  of  140  years  ago,  the  ores  of  the  pre- 
cious metals  were  an  article  of  export  irom  the  Dutch  East  Indies.  This  is  clearly 
ehown  by  the  following  passogre  from  ScUintter'a  work  as  translated  by  Hellot, 
and  published  by  him  under  the  title  of  "  HeUot  sui  les  Hlnes",  Paris,  1TS3.  In 
Vol  11.  p.  285,  Chap.  XLVI.  "  On  Eatt  Indian  Oru  and  their  Fution  hy  the 
curved  Fumaee,'^e  says ; — 

"  In  1704,  Soblutler  received  by  a  private  channel  twenty-five  quintals  of  ore 
from  the  East  Indies,  &c."  And  again :  "  These  aorta  of  ores  (of  f^ld  and  sUver) 
sent  from  India  by  the  Dutch  were  frequently  smsltad  at  the  foundery  of  Allenau 
in  the  Upper  Hartz,  but  bad  never  been  smelted  in  the  Lower  Harti.  This  ore 
was  in  lumps  from  the  size  of  a  nut  to  that  of  wabiut,  and  by  trials  it  was  found 
that  the  quintal  of  1 1D  lbs.  contained  1  oz.  B  drs.  of^ld  and  3]  oz.  of  silver." 
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DESIDERATA  FOB  THE  MUSEUM  OF  ECONOMIC  GBOLOGT 
OF  INDIA. 


MlRBi   AHD   MiKINO  pBOSDOTS. 

1 .  Specimeni  of  all  omde  ores,  joat  bs  (bund.  If  possible  ftlao,  of  the  rocks 
or  m&trix  in  which  fotrnd;  of  those  indicating  the  vein  at  the  SDrfaoe  ;  of  the 
iralls  of  (he  veins  lof  the  strata  of  beds  pawed  through  before  reaching  them  ; 
and  of  the  rooks  of  the  snrrooDdiag  countrj. 

2.  The  ores  after  preparation  for  (he  furnace  bj  picking,  washing,  itaitip- 
ing,  Toasting,  &c. 

3.  The  rejected  ores,  gravel  or  stance  foond  with  those  used  ;  which  often 
go  under  odd  names,  u  those  of  "  mother,  devil,"  or  the  like. 

4.  The  fluxes  used,  if  an;. 

5.  Memorauduni  of  the  kind  of  fuel  used,  samples  of  it  if  coal  or  coke,  &c. ; 
names  of  the  trees,  as  bamboo,  &c. ;  if  charcoal ;  and  if  not  too  &r,  tend 
specimens. 

6.  The  roasted  or  half-smelted  ore. 

7.  The  pure  metals,  aa  obtained  in  a  merchantable  state,  of  all  the  quali- 

8     The  slags,  of  all  kinds,  from  the  furnaces  and  smeltings 

9.  Drawings  or  models,  (to  scale  if  possible)  of  all  ftimaces,  machinery,  and 
implements  used  in  any  of  the  processes,  with  drawings,  plans,  and  models  of 
the  mine.  Earthen  models  of  the  (drnacea,  &c.  ma;  often  be  well  made,  by 
the  native  image  makers  for  a  mere  trifle. 

10.  Specimens  of  anj  tools  used. 

11.  Traditions,  historj,  and  statistics  of  the  mine  or  mineral  products,  as 
(1.)  How  and  when  found;  (S.)  Produce,  gross  and  net  j  (S)  Rent  if  farmed, 
or  what  tax  payable  on  the  product ;  (4.)  Price  of  daily  labour  j  (S.)  Amount 
of  labour  obtainable  for  a  given  price  {  (6.)  Estimated  profits,  past  and  pre- 
sent ;  (7.)  Reasons  for  decay  or  increase  j  (8.)  What  is  now  required  to 
make  the  mine  more  productive  ;  (9.)  Copies  or  notices  of  any  boohs  or 
accounts  of  the  mine  ;  (10-)  Health,  comfort,  morals,  and  condition  of  the 
workmen  employed,  average  of  ttgw,  and  if  life  uaong  them  if  thonght 
nnhealthy  ;  seasons  and  honrs  of  work.    Superstitious  notions,  pecuUar  dls- 


BiriLitiiiGS,  Csiairn,  Potibrt,  CoLorRS,  Boidb,  &c. 

1.  Specimens  from  the  quarries,  of  aU  kinds  of  building  stones,  usefuj  or 
merely  omamenl*L 

2.  The  same  of  limestones,  shells,  corals  or  other  articles,   used  to  make 
lime  or  cements  of  all  kinds. 
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3.  SpedEMna  of  (he  Stnbi  abore  uid  below  the  quarried  Blone. 

4.  Adj  (msH  Bhella,  bones,  fiih,  plantt,  iiuecta,  or  other  appearuicaB  of 
organic  remaiiu  large  or  amall,  found  in  or  near  the  quBrries,  or  wnongat  the 
rubbish  nnd  watefooorMS  of  gaurried  spots.  If  specimens  appear  too  luge 
to  move,  pleas^  to  gire  a  notice,  with  an  eje-aketch,  and  estimate  of  the 
expense  of  moTing,  and  preserve  it  till  a  replj  is  sent. 

9.  Specimens  of  the  building  stones  or  remarkable  bricks  nsed  in  anj 
public  edifices,  monuments  or  tombs,  with  the  date  of  their  erection  if  known, 
and  a  note  to  sa;  if  exposed  to  weather  or  protected  by  stucco,  paint, 

6.  Memoranda  and  specimens  of  any  plants  or  animals  destrnctive  to 
masoMT,  u  boring  worms  and  shells  in  water,  and  the  like,  with  specimens 
of  their  work. 

7.  Ornamental  or  stncco-work  ;  epecimena  of  it,  new  or  old,  interior  or 
exterior,  with  the  best  account  procnraWe  of  the  materials,  preparations,  and 

8.  Spedmena  of  stones  and  marbles,  shells,  &c,  used  for  image  or  oma- 
ment-making ;  of  earths  for  pottery,  and  vamishes  of  oobured  earths  of  all 
sorts,  whether  used  a«  pigments  or  not 

9.  Specimens  of  peculiarly  good  materials  used  for  roads,  whether  ancient 
or  modem,  with  prices,  methods  of  using  them,  and  other  memoranda. 

10.  Prices  of  all  the  above  ;  raWs  of  labour,  carriage.  &e.  from  the  rough 
to  the  wrought  state,  andall  other  statisticaldetaila.asinthB  case  of  Mines 
and  Mineral  products  aborementioned. 

Ill 
AoBicOLTunaL  Geoloot. 

1.  Specimens  of  aoils  of  good,  and  the  best  qualides,  for  all  kinds  of  pro- 
duce, as  sugar,  cotton,  tobacco,  &c. 

2.  Of  infertile  soila  or  veins  of  earth. 

3.  Of  the  subsoil  or  rock. 

4.  Of  the  atonea  acattered  abont  these  soils. 

fi.  Memoranda  relative  to  the  height  of  these  soils  above  the  water  of  wells 
in  the  rains  and  dry  aeaaons,  and  of  ita  drwnage,  shelter,  exposition,  &e. 

6.  Of  any  kind  of  earths,  mud,  or  stones  used  as  manures,  as  peals  from 
the  jheela,  knnkurs.  &c 

7.  Ofthe  deposits  (fertile  and  infertile)  left  either  by  the  common  inun- 
dations or  by  violent  floods,  with  memoranda  of  their  effects  on  the  cultivated 

8.  Specimens  from  any  separate  spots,  where  gravel  or  stonea  are  collect- 
ed in  quantities  afler  inundations  or  floods. 

9.  Accounts  of  remarkable  floods,  and  average  ■  jhts  of  the  rise  of  rivers 
of  the  rising  of  the  soil,  alterations  in  its  produce  consequent  therenpon,  and 
all  other  details. 
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XXXV II 

10.  Kemoranda  rebtive  to  tbe  fonnation  or  destrucUon  of  river-buiks, 
ialanda,  &c.  with  meaauremeDt,  if  obtainable. 

11.  Samples  of  all  kinda  of  efflorescent  salt-earths,  with  apeoimens  of  the 
different  salts  prepared  from  them,  prices  of  preparation,  selling  rates  and 
accounts  of  the  processes  and  iisea  of  the  salts. 

IS.    Specimens  of  brine  springs,  with  details  of  manafactore  if  boiled  for 

salt,  and  statistica  of  labour  and  produce,  &c.  as  in  the  case  of  mines, 

IV. 

Mbdioal  Oeoloot. 

1.    Spedmens  of  mineral  medicines  of  all  sorts,  whelher  produced  on  Che 

spot  or  imported,  crude  and  prepared,  with  notes  and  samples  of  the  process 

of  preparation  in  all  its  stages. 

3.  Of  the  water  of  mineral  springs,  their  temperature,  incrustatipna  about 
them,  account  of  their  naes,  and  specimens  of  the  rocks  or  soil  in  which  found. 


Nativb  Mbtillubqicai.  Pbocb8se«,  ok  Hinesu.  Haihtpaotubes. 

I.  Exact  descriptioas  of  thom,  however  mde  or  simple  they  may  appear, 
with  aamples  of  the  ores,  fuel,  fluxes,  products,  slags,  &c 

3.  Models  or  drawings  (to  scale  if  poaaible)  of  the  furnaces  and  imple- 
ments of  all  kinds  ;  specimens  of  these  last  may  be  sent, 

3.  Memoranda  and  samples  of  the  earths  or  sands  used  for  moulds  in 
castings,  of  the  crucibles  and  beds,  raw  and  baked,  and  of  the  raw  material 
from  which  made. 

4.  Prices  of  raw  and  wroi^ht  materials. 

5.  Drawings  of  machinery  used  for  turning,  boring,  polishing,  &c. 

In  oouclusion :  It  is  not  supposed  that  any  indiTidual,  unless  wholly  devoted 
to  the  research,  can  supply  the  whole  of  the  deaired  specimens,  or  even  of  the 
knowledge  relative  to  any  one  product ;  but  any  sim^  item  of  the  forgoing 
may  be  of  importance,  at  some  time,  to  soma  one  ;  and  it  will  be  the  special 
duty  of  the  Asiatic  Society,  and  of  the  Curator  of  the  Museum,  to  see  jostice 
done  to  every  contribution  ;  whether  relating  to  the  Qeoli^y  of  India  iu 
general,  or  to  this  peculiar  branch  of  it. 

(Signed)  H.  Fiddimoton, 

Curator,  Mutewn  EctmoFuc  Otology. 
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HEKORANDVH 

TEST  FOB  EXAMINATION  OF  CANDIDATES, 


OBEAT   TRIGONOHBTRICAL   AND   REVENUE   SURVEY 
n  «  p  ar  tm  en  t  •• 


I .    To  write  a  neat  legible  hand. 

3.  A  thoroogb  knowledge  of  Arithmetic,  bat  more  especially  of  Inroln- 
dou,  Stpare  and  CuUc  Boots,  Arithmedcal  and  Geometrical  ProgreaBion,  Pro< 
portion  of  Bule  of  Three,  Vti^^aT  and  Decimal  Fractionv  and  Logarithmio 
CalcnlatiMu. 

3.  Geotnetrj,  fint  4  Books  of  Eadid. 

4.  Algebra,  as  for  as  1)oadrMia»  indaaiTe. 
9.    Elements  of  FUne  Trigonometry.   , 

6.  .^ihsrisal  TrigODometiy. 

7.  A  knowledge  of  Flan  Drawing,  or  at  least  a  proof  of  some  degree  of 
tasl«  in  Drawing  and  Printing,  so  as  to  warrant  tbe  expectatian  that  he  may 
tnm  out  a  good  Draftsman. 

8.  A  bealtby  and  rigorons  constitntion  and  good  eje-sigbt  for  observing. 

jForm  ^  Agrtemait  to  bt  laiai  from  a  Candidate  prior  to  his  admitsioH 
into  tht  Sumtg  Separlnunl. 

I,  AB,  So  hereby  agree  that  I  will  not  demand  my  discbai^  for  three 
years  from  tbe  dato  of  joining  the  Survey  to  which  I  am  appointed  and  nerer 
dnring  tbe  Field  Season.  I  ftirther  agree  to  serve  in  any  one  of  the  Bevenne 
Surveys  to  which  it  may  be  necessary  to  remove  me. 

If  Bgunst  tbe  tenor  of  this  agreement  my  discharge  shonld  at  any  time  he 
Indsled  on,  I  do  hereby  agree  to  repay  to  the  GoTenunent  a  smn  equal  to 
one-half  of  the  whole  amount  which  I  may  have  actually  received  in  the 
tbape  of  Salary  or  Allowance  of  any  Idnd. 

E.F.  I  1 

a  D.  )  WilnetH*.  ^ 
Place  and  date.  )  Signature. 

NOTB.— This  lest  is  applicable  to  both  Departments,  with  the  ezoeption  of   - 
Spherioal  Trigonometry,  which  is  not  required  ttom  the  Beveitut  Soivey  Can- 
didate!. 
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LATITUDES  AND  LONGITUDES  of  the  FUneipal  placet  in 
BENGAL  and  NORTH-WESTERN  PROVINCES.  Extracts 
from  the  Records  of  the  G.  T.  Survey  of  India. 


Names  of  Places. 


Agra  Taj  Mahal  Dome,     

Futtehpoor  Sikra  Dome,       

Ferozabad  Btation, 

Pinalit  Station,        

Sikundra  S.  E.  Minaretof  Gate- 


CcDtre  of  City,    

Allahabad,  Fort  Flag  Staff, 

Arial  Temple,      ... 

Bodra  Sjjid'n  Tomb,      ... 

Juu  Temple, 

Eantua  (BuildiDg  R.  B.  Gai 

Alljgnrh  Fort,    

Baroli  Station  on  Bnildiog, 
Hatraa  Station  on  Fort,     ... 
Eoel  Mosque  in  Citj,     ... 
Sankras  Fort  Station, 
Saani  Fort,      

Azimgurh  ChnFch,. 

Temple,    

Jagdeepoor, 


Fort, 


MozufinrgaDJ  Temple, 
Dolpaliari  Hill  Temple,... 

Talona  Hill  Temple, 

Ragoli  highest  building  in 

Raj  nagar  Temple,       

Rangir  Station,       

Semra  Fort,  N.  W.  Tower, 
'  arh  Fort,  highest  building  ) 
W.  Z,    ...  ^ 

Bhnrtpoor  Falace, 


^" 


27  5S  41 

28  S  19 
27  35  31 
27  32  42 


26  S  06 

25  47  1 

26  0  23 


24  Si  46 
24  44  17 
24  S3  40 
24  0  21 
24  14  1 
24  16  28 
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LATITUDES  AND  LONGITUDE S.-~^Contimei.) 


Names  of  Placea. 


Bftlasore  Spire,       

Pokr&nal)  Bailding,    

Bamaagur  Telegraph,    

fiancoorali  Telegraph,       

Biahenpoor  Dome, 

BisUpoor  Pugoda,      

Kanakera,  S.  E.  Z  of  Fort,  ... 

Pmrendi  Station,  Fort  S.  E.  1 

face  centre  of  Dome,  J 

Allgunj  Building,        

Barcillj  Buhadoor  Sing's  House, 

Pureedpoor  Thana,     

Sisgurh  Tower,       

Bajidpoor  Telegraph,         

Baroon      ditto,      

Gja  Bhod  Psgoda,     

Gja  Ranisilla  Pagoda,    

Majiaen  Fort  Flag,    

Saga  Tele^aph,       .      

SherghatiFortjN.W  Z., 

BenaTes  Dome    of     Gianbapi ) 

Musjid,        \ 

„        Uan  Muudil  or  Hindu  ) 

Observatory, J 

„        Bamoagiir  Stair  Case,... 

Seori  Jail,       „.., 

Serampoor  Chimnej, 

Afznigurh  Fort,      

Bijnonr  Collector's  House, 
Chandi  Hill  Temple,      

Boolundshuhnr  Building    8ta- ) 

Dadri  Village, 

Eamona  Fort,     

Malagorh  Fort,       

Bamghat  House, 


23  14  8 
23  4  21 
23  36  35 

25  51  30 
25  37  39 


28  22  9 
2S  12  17 
28  43  33 

24  43  28 
24  51  35 

24  41  45 
24  48  44 


29  23  51 
29  22  36 

29  55  55 

28  24  11 
28  33  13 
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LATITUDES  AND  LONGITUDES.— {Coa'anaeA.) 


Names  of  Flacee. 


Bhofai^... 

Bdsaoon I 

BritDWAs, < 

Cawnpoob,    ... 

CUITICK,    


Bhopal  Patace  Spire, 
Chaokigurh,  Upper  Fort  Gate' 


IglamDug^ur  House,  . 


Balki  Tffwer,      

Calna  Temple, 

Guajua  Tower, 

Mahdpur  Tower,    ... 


-1 


DlKAJBPOOB,      ,. 

DholpoobTeb- 


Cawnpoor  Christ  Church, 
Suvada,       _     „ 

Lall   Bagh  or  Cotunissioi 

fiarabati  Fort  Flag  Stafi;  ... 

Dehra  or  Gurudwara  Temple, 

Nalapani  or  Kalinger  Fort, 

Rajpur  Dak  Bungalow 

Tinili  Village  Temple. 

Dehli  Jumma  Musjid  Dome, 
Kootub  Miaar,    

Dinajepoor  &Ir.  Grant's  House,. 

Machkanda  highest  Building, 
Munia  Village  Mosque, 
Pachgaon  Building,    ... 


fiareh  Fort,     

Etawah  Old  Fort, 
Sabad  Fort  Bastion, 
Uarari  Port  Building,.. 
YaniFort,       

AgosiFort, 

CEbra  Mao  Thana, 
Kndrel  Fort  Building, 
Nuwabgunj  Thana,... 

AmoherFort,     

Jankat  Fort,   


23  15  35 
23  4  51 
23  21  23 


20  27  35 
20  28  54 

30  18  58 
30  20  27 
30  23  SO 
30  22  19 


26  41  1 
26  49  16 
26  43    2 


26  51  37 
26  33  39 
26  27  36 


26  54  13 

27  26  6 
27  1  43 
26  51  25 
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LATITUDES  AND  LONGITUDES.— (CoDdaueA.) 


Ntunei  of  Places. 


FoTTiBPoom,..-! 


GOOEGAOM, I 


GwiLioa  Tb»- ; 


Miuapnr  Tower,     

Gh&zeepooT  Clturcb, . 

Lord  CornwalliB' Monument, 

New  Burial  Ground, 

Opium  Agent's  House  Signal  Staff, 

Boman  Catholic  Chapel, 

Old    Fort,  Sri  Narain  Roy's ) 
House,       J 

Firozpoor  Palace, 

Hodul  Building, 

Gornckpoor  Bqjghat  Temple, 
„  Mosque  near  Bajghat, 

Mahamadpur, 

Nandaor,     

Btyabari, 

Bheelsa  Temple, ^ 

Gwalior  Hill  Temple, 

Is^urh  Port, 

Kwianpur  Observatory,     ... 

Narwar  HiU  Fort, 

Seronj  Uosque  in  Fort,  ... 
Satalgarh  HjU  Fort,  Dome,  . 

Badek  Pillar  on  Jumna,  R ... 
Kalpi  Fort  Temple,  ...  . 
Pal:  Village  House,  

ChinanrBh  College, 

Fort  Gloucester  Highest  Chim- 

Nibria  Tower, 

Pondna  Dargah  Spire,  

Serampore  Cnurcb, 


iS  33  36 
25  33  30 
25  33  6 
23  34  2S 
25  33  43 
25  34  48 


26  44  8 
26  44  27 
26  46  27 
26  56  37 
26-64     1 

23  31  35 
26  13  10 

24  50     3 

24  7  12 

25  39  2 
24     6  23 

26  14  26 

26  22  19 
26  7  49 
26  14  45 


22  36  37 

23  4  28 
22  46  W 
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LATITUDES  AND  LONGITUDES.— (Con^ued.) 


Names  of  Places. 


MiDNAPOOK,  •. 

Ualsa, 


MlBZAFOOB,    . 


Jfwamanpoor  Fort,...     .•■     

jiJoon  iWple, 

Kotra  Temple,       

Maheva  highest  Building, 

Parasan  Temple,     

Badshapur  Flag  on  Tree, 

Jounpoor  Church,  N.  W,   Spire, 

„    Fort  S.  W.  BaadoD,      ... 

„     Jail  N.   W.  Bastion, 

„  MusjidN.SpireofGate- } 
way, j 

Almorah  ConunisBioDer's  Honge, 

Aring  Bail^g  Station,    

Awa  Chimney,,.,     ...     .•.     ..•..- 
Daigaon  Building,  ... 


Baaeda  Fort  BaBtJon, 

Gohdna  Tower  Hill  Station, 
Kaliana  Observatory,     


Hapar  Station 
Meeruth  Church  Steeple, 
Pirghyl  Building,  ...  . 
Salawa  Byragi'a  Mut,  ... 
Sirdhana  Begum's  Palace,, 
Sirdhana  Church  Steeple, 

Gop  Tower,  —  ...  , 
Hidnapoor  Park  House,... 
Mldnapoor  Nazarganj  Hoi 


Chunu  Fort  Flag  Staff,    

Mirzapoor  Cantonment, 

Mirzapoor  Court  House  or  Ka-  ) 
cheri,     t 


25   56  IS 

2JI  39  41 

25  4S  48 
S3  44  53 
25  44  23 
23  45  31 


27  29  3 

27  27  2 
27  49  51 


29  33  15 
29  37  13 
39  30  49 

28  43  20 

29  0  41 

28  40  30 

29  13  46 


22  25  13 
22  24  48 
22  24  17 
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LATITUDES  AND  LONGITUDES.— {CoM\tmedi.) 


'  Hospital  Station, ... 

Indigo     Factory,  1 

jouth  of  Ganges, ...  j 

Mo«AI.lBAD,...{    KS^^Sfrurw^     "'...." 

MoRGBim,     Jurgaon, „     

Kasmaro  Fort,     

Laigaa  Fort  Bastion,      » 

,,  I     Soman  Fort,        * ••     •». 

Mybpoobkb.  ...^     Samaergunj  Fort  Bastion,     

Saonaai  Fort 

Sakit  Temple 

GoaGhat,    

Kishnagar  £.  Jao  Tree, 

NuDDBA -^    Msi^ni'ij  FactoiT,      

Santrpur  Black  Temple,        ...... 

Sukna  Temple,   

Lucknow    Begum's  Mausoleum, 
„  Gail  Uddin  H  jder'B  1 

Mausoleom,    ...     j 

„        Mote  Mahal  Palace,  ... 
„        Obeorvatorj    Tranut  ] 

Telescope,      j 

Gnmsira  Musjid, 

Sora  Temple  in  Village,    

Kumtd  Church  Steeple,    

Kumal  Citj  Bunnia's  House,  ... 

Dinapoor  Flag  Staff, 

Dumri  Fort  8.  E.  ^  .„     , 

Fatna  Gola, 

Ghaa  Bungalow, « 

Ehatras  Temple, 

Ragauatlipoor  Telegri^h,      


Eatlanpoor    Station  on  mound 
closeJVest  of  Village, 


24  6  7 

88  17  33 

24  21  16 

88  23  53 

28  SS  43 

29  12  49 

78  45  57 
76  59  46 

25  27  26 

86  43  38 

27  6  32 

26  SS  30 

27  1  24 
27  0  9 
27  3  43 
27  26  7 

79  19  41 
79  21  52 
79  13  68 
79  22  13 
79  20  11 
78  49  15 

23  51  10 
23  23  31 
23  25  11 

23  14  24 
23  7  09 

88  29  59 
88  30  5rf 
88  26  54 
88  29  6 
88  29  11 

26  51  8 

80  67  59 

26  51  27 

80  59  19 

26  SI  22 

80  58  57 

26  51  10 

80  58  57 

23  43  43 
26  17  31 

81  26  1 
81  13  0 

29  42  17 
29  40  45 

77  1  45 
77  I  56 

25  38  20 

24  34  57 

25  37  12 

85  5   09 

84  21  36 

85  10  57 

23  38  10 
23  48  51 
23  31  31 

86  12  32 

86  20  32 
86  42  32 

28  35  7 

79  47  1 
S 
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LATITUDES  AND  LONGITUDES.— {Caa^neA.) 


DUtriot  or 
DiTUion. 

N&mea  of  Places. 

Latitude 
North. 

Longitude 

East. 

f 

B&nghora  Tower,        

26  13  20 

87  34  32 

DewangnnjTower,         

Kamguoj,  Base  East  Tower, 

26  16  (53 

86  56  47 

Pbbner*,  < 

26   18  39 

88   19  66 

1 

26     2  12 

87     4     3 

L 

26  \&  2S 

88  14  30 

r 

Karchala  Indigo  Factory,     

Kampoor  BftnRah  Judge's  Eu-  > 

<*«"y. ) 

24  92  11 

88  30  36 

Rajbhabbk,  ...i 

24  21  46 

88  37  45 

PalgnDJ  Temple, 

24     4  48 

86  15  34 

D 

PwBsnath  Highest  Temple,      ... 

23  57  50 

86  10  17 

Eamgnrh  Fort,       

23  38  22 

85  34     5 

Serunpoor  Building, 

24    7  17 

86  22  46 

Shaujgbah-       r 

Julalabad  Fort „     ... 

27  43  20 

79  41  53 

Khera  Bajera  Mound,    

Simla  Church,      

Simla  Magnetic  ObBerratory....... 

28     1  35 

79  35  11 

SIM1.A I 

31     6  13 
SI     6     6 

77  12  49 
77  U     1 

'          I 

Chosana  Building,        

29  39  58 

77  13  14 

Gaosghar  centre  Dome, 

Hurdwar  Raja's  House, 

Kutubgarh  Haveylee,     

Lohari  Mosque, 

29  36     2 

77  29    7 

29  57  30 

78  12  52 

SuHABTINFOOB,.- 

29  33  23 
29  35  45 

77  28  58 
77  31    9 

NojhUi  Tower  Station 

29  53  22 

77  42  52 

Sikar  Temple, 

29  45  87 

77  58     1 

Sirsawa  Building,   

30    0  53 

77  26  20 

Srababad,    ...  J 

Bamani  Telegraph,      

24  56  40 
24  37  38 

84    7  SO 
83  59  17 

Butul  Fort,  S.  E.  angle,  

21  5]   13 

77  38  15 

Hnsingabad  Fort, 

22  45  43 

77  45    3 

Temple, 

22  45  42 

77  46  30 

SArOOB    AND 

Jagdbar  Hill  Station,    

KherlaHiUFort,N.  E.  Z,      ... 

21  49  39 
23     9  39 

78  0  58 

79  59  43 

21  55  42 

77  59  33 

Morpani  Hill  Station,     

22  29  40 

77  66  12 

Nowgong  (Bundelaa  States)    - 
Saugor  Magazine  in  the  Fort,  ... 
Sera  Fort,  S.  E.  Z, 

25     3  30 
23  50     9 

79  31    0 
78  46  51 

21  48  35 

77  56    9 
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LATITUDES  AND  LONGITUDES.— (Cxstimti.) 


District  or 
DniBion. 

Namea  of  Place*. 

Latitude 
North. 

^^^ 

B^U  Temple,      ...    .„    

27    9    9 

84  21  24 

Bettia  Rajah's  House, 

2S  48     S 

84  32  39 

Mooteharry  Collector's  Kutcherj, 

26  29  46 

84  B7  29 

8*mcN.  „.,.... 

Mullye  Burial  Ground,      

26  43  27 

85  29  12 

NarkatU  Indigo  Factorj,       

RamuYar  Rajah's  House, 

26  39  80 

65  26  25 

27     9  S3 

84  22     2 

27     0  68 

34  14     1 

S^owU  Temiiie,     

26  46  41 

64  47  51 

Boolakipoor  Tower,      

GhoBoatt  Tower 

26  40  54 

85  26  57 

26  17  23 

85  19  27 

TiBHOOT,    • 

Mirzapoor  Tower,        

26  31     S 

86  19     3 

Narhar  Tower,     

26  31  47 

86     6  36 

Pota  oorf  TtnpoorTower,        

PaladpoCT  Station,    

26  22  39 

85  28  46 

26    4  20 

85  29  39 

Akra  Semaphore,        

Base  Line  N.  Tower,      ...    ._... 

22  30  26 

66  17  36 

32  42  35 

88  25    4 

Ditto     8.  Tower, 

22  36  m 

88  25  22 

Bood  Semaphore,       

Calcutta    ObBervatory    No.  35,) 
Park  Street, J 

22  22  31 

88     9    4 

24-Pdsoith- 

22  33     1 

68  23  59 

"*»*> . 

22  37  53 

88  24  36 

22  11   11 

88  13  47 

Flag  Stafl;  Fort  William,    

22  33  35 

88  22  43 

Gort.  House  Dome, 

22  34     2 

88  23  59 

Hooghly  Semaphore,      

22  12  39 

88     3  41 

22  26  15 

88  10  52 

22  29  23 

88  14  24 
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LATITUDES  AND  LONGITUDES  of  the  principal  places  in 
the  MADRAS  PRESIDENCY,  Extracted  from  the  Records  of 
the  Great  Trigonmuetrical  Survey  of  India. 


District  or 
DiTiBion. 

NameB  of  Places. 

Latitude 
North. 

Londtude 
East. 

Hurrour  Port,              

KiBtMgherry  Flag  Staff, 

12    2  53 

78  31  33 

12  32  19 

78  13  27 

Barahaml,    ... ' 

Pennagra  Fort,              

12     7  48 

77  56  39 

Rjacottah  Flag  Staff, 

12  31  20 

78     4  44 

Tengricotta  Fort,         

12     0  47 

78  26  20 

Anfcola  Mnajid.  near  the  Sea,  ... 

U  39  43 

74  20  58 

Honoor  Bungalow,        

Koondapoor  Flag  Staff, 

MlrjanFort,  S.E.  Angle,    

Sadaflhev^hurDroogFlag  Staff, 

14  16  36 

74  29    4 

13  38  13 

74  43  48 

14  29  16 

74  27  33 

14  ao  45 

74  10  21 

Arcot   Port,  Nabob's    House,  7 
S-W.Z,             I 

Arnee  Monnment,         

12  S4  16 

79  22  31 

12  40  23 

79  19  31 

Calaatree  Hill  Pagoda, 

13  45  19 

79  44  34 

CUllumbrum  Pagoda,           

ChiDglepet  Fort  Flag  Staff,      ... 

11   24    9 

79  44    7 

12  42     1 

80    1  13 

Chittepet  Mosque,        

Cuddalore  Flag  Staff, 

12  27  59 

79  23  30 

11  43  24 

79  49    6 

Cashatic,     .,.■ 

Ma^a«  Observatorj, 

Mowbray's  IIoiiBe  CupaU,     

12  15  19 

79  26    8 

13     4  11 

80  17  21 

13     1  33 

80  17  21 

Pondicherry  Flag  Staff, 

11  S5  67 

79  52  33 

Porto  Novo  Flag  Stafi;         

Pullicate  Church,          

11  29  23 

79  48  13 

13  25     8 

80  21  24 

Trinomallj  Pagoda,       

12  13  56 

79    6  43 

VeUore  Fort  Pagoda, 

12  55     7 

79  10  42 

11  31     4 

79  21  39 

BellaiT  Flag  Stafi;       

13    8  57 

76  57  10 

15  18  12 

77  38  11 

Cuddapah  Fort  MoBqne,       

Cnmbum  Fort,  N.  E.  Angle,    ... 

14  28  49 

78  51  47 

10  34  13 

79    9    I 

Cbubd  Dib- 

Fort  Bnildii^,          ) 

14  24  35 

77  46  50 

Goornmcoiidah  Building,      

Gootv  Droog  Flag  St^, 
Hundee  AnantapoorFori^S.W.^ 
Koil  Koil  Koonflah  Fort  highest  > 
Cavalier,    J 

13  46  20 

78  37  49 

TWOT, 

15    6  53 

77  41  32 

14  40  58 

77  39    0 

15  13  57 

78  21  28 

Enmool  Fort  Laul  Batterj,    ... 

15  49  58 

78    5  29 

Na«guldmnyFort,S.  W.  Z.   ... 

15  55     0 

77  36  14 

jM,Cooglc 


LATITUDES  AND  LONGITUDES.— (Coaimued.) 


District  or 
Sivisioii. 

Ntmes  of  Places. 

Latitude 
North. 

Loantude 
East. 

Poolavundla  Pagoda,     

14  24  59 

78  15    6 

Poremaumla  Fort,   S.  W.  ^,   ... 

15    0  45 

79    1  54 

CXDED  DiS' 

Punganoor  FaUce, 

RacEootee  Fort  Pagoda,    

13  21  39 

78  36  33 

14    3  44 

78  47  30 

Sidout  Fort,  S.  E.  angle,      

14  27  S6 

79    0  40 

Todmunr  Fort  Centre  Cavalier, 
Wndjar  Curior  Fort,     

14  33  47 

77  53  50 

15     1  44 

77  25  34 

COCHIH,             ...  ■[ 

Chitwa  Bungalow,        

10  32     6 

76     4  23 

Cochin  Flag  Staff,         

9  58     7 

76  17    0 

r 

Allambaddy  Fort,        

12     8  38 

77  47  14 

1 

10  59  41 

76  59  46 

GoIMBETOOB,.*.  -i 

Darapooram  Fort  Cavalier, 

10  44  3S 

77  34  28 

Erode  Fort,  8.  E.  Cavalier,      ... 

11  20  29 

77  46    3 

Knrroor  Pagoda,          

Pyney  Hill  Pagoda, 

10  57  42 

78    7  16 

L 

10  26  23 

77  33  42 

CORO, 

Veer  Rajenderpett  HiU  Tree, ... 

12  12  34 

75  51     6 

GiWiM, 

Ganjam  Two  Storied  House,    ... 

19  22  27 

85     2  52 

r 

GOA, 

ADJadeepa  Flag  Staff,       

Cabo  de  Rama  Tower,  or  Cape  ) 
Ramas, I^J 

14  45  36 

15  3  12 

74     9     3 
73  57  27 

Murmagaon  Flag  Staff,         

15  24  33 

73  49  56 

Rachol  College  ,  front  of  the  > 
Church,.„        I 

15  18  34 

74    2  31 

16  41  22 

80  10  58 

Condapilly  Droog  Pagoda,    ,, 

GuDtoor  MoBqne,        

Innacondah  IIUl  Pagoda,      

16  37  59 

SO  34  17 

GUKTOOR,        ...- 

16  17  42 
16    3  13 

80  29     0 
79  46  15 

16  46  37 

80  19  41 

16  S4  55 

80  24     2 

Alangaon  Fort  S.  W.  Ancle,    ... 
AmbUFort,        

20  56  87 

77  40  42 

Arambi  Fort,  S.  E.  Angle, 

20    9  10 

77  52  32 

Htdeabai..  o. 

Arjunooz  Hill  Pagoda, 

18  29  33 

74  42    3 

THB     NiZAU'a- 

DoxttnoNB, ... 

Arri  Hill  Pagoda,       

Ashti  Fort,  Highest  Baation,    ... 

18  20     8 
21     3  14 

76  51  49 

77  41    7 

Ashagaon  Peak, 

18  17     6 

76  40  10 

Awsa  Hill  Mufliid.      

Badgaon  Fort,  S.  E.  Angle,  

18  13  23 

76  33  41 

20  14  43 

77  59  10 
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LATITUDES  AND  LONGITUDES.— {Continued.) 


DiBtrict  or 

Divison. 

Names  of  Places. 

Latitude 
North. 

Longitude 

Balapnr  Fort,  S.  W.  Z, 

18  53  13 

77  54  14 

BalkiPalace,  

18     2  34 

77  15    5 

IS     4  10 

77  12  10 

Bhavani  HiU  Pagoda,     

Bider  Base  East  End,        

19  30  24 

77  50    6 

17  53  32 

77  39  27 

Bider  Base  Wert  End, 

17  87  33 

77  33  38 

Birkur  Palace,    

18  27  43 

77  50  25 

Bidar  Minaret,    

17  54  49 

77  34  21 

Boral  Hill  Pagoda,     

Chalkapur  Hill  Pagoda, 

17  54  48 

77    7  11 

17  53  18 

77  18  33 

Chini  Maiigaon  Temple,    

18  24  30 

77  34  42 

18     8  16 

77  42  31 

Dharasin  Hill  Pagoda,   

■white  Tomb,      

le  10  S2 

76     2  52 

IS  10  16 

76     4  54 

DhokiEedgah,        

18  22  23 

76     8  23 

Digres  Fort,  8.  E.  Bastion,       ... 

20     6     S 

77  45  29 

Dongwgaon  HiU  Pagoda, 

18  16  54 

77  22  28 

Gawargaon  Durga,         

18  25  42 

76  11  46 

Halbutga  HiU  Pagoda,      ...     ... 

Hyderabad  Meeca  Musjid 

„           Residency  House,    ... 

17  58  38 

77  19  52 

17  21  41 

78  29  45 

17  23     6 

78  30  32 

Htdbabad,  or 

Reaidenoy  Flag  Staff, 

17  23  14 

78  SO  33 

THE   Nizam's 

„          Rajmond'fl  Tomb,   ... 

17  21  57 

78  32  16 

Itoli  Pagoda  on  HiU,      

IS  59  38 

77  58  54 

KadmuUFeak 

18  81  24 

76  53  29 

Kurbur  Sevali  Hill  Pagoda,      ... 

18  49     1 

77  45  11 

Katuphal  Hill  Pagoda,     

17  33  30 

75    4  12 

LaturEedgah,         

Haliabet  Hill  Pagoda,        

18  24     9 

76  37  13 

18  29  81 

77  3    35 

Manba  Building,     

Meduk  Drug  Mosque,       

18  17  47 

76  59  53 

20  30  SS 

77  40  26 

IS     2  36 

78  17  49 

Madhal  White  Pagoda,      

18  13  17 

77  21  28 

Mysgaon  HiU  Pagoda,    

Nimba  Fort  N.E.  Bastion,  

18     6  35 

75  31   10 

20  65  12 

77  40  19 

Rahir  Pagoda,     

Sangwi  ffill  Pagoda,         

Sekunderabad  Cenotaph,      

18  53  38 

77  42  41 

18  24  13 

76  56  47 

17  26  40 

78  31  28 

Church,       

17  26  38 

78  31  44 

Toramba  Pagoda,    

Toma  Pagoda,    

Tnljapur  Durga,    

17  56  16 

76  29  43 

18  13  51 

77  18  21 

18     0  36 

76    5  33 

udghirMnsjil  '  ._■■'...■■'...;:: 

Uruarkher  am  Pagoda, 

18     0  31 

76    6  20 

18  23  17 

77    8  34 

19  36  25 

77  43  55 
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LATITUDES  AND  LONGlTUDES.—(Cot,tinmdL) 


District  or 
Divuioa. 

Names  of  Flues. 

Latitude 
NorOi. 

Longitude 

1 

Dindig^FliurStafi;     

Madura,  H.E.  PsRoda,     

10  21  39 

78     0  17 

Uaddba,       ...  i 

9  53  16 

78    9  44 

1 

RamBgherry  HUl  Palace,      

10  38  18 

78    9  47 

Ann^oondj  Building,     

Oonchicuttae  Fort  S.  E.  Angle, 

15  21     6 

13     B     fl 

76  31  39 
75    4  10 

15     3  27 

75  Bfi  48 

Mahxatti,  ..-■ 

Soondoor  Fort,  S.  W.  Z,      

13     a  42 

76  33  41 

Watunhully  Round  Tower,  

IS     6  33 

75  39    6 

14  32  40 

73  14    9 

Angadipooram  Judge's  House,  ... 
BaaulTort  CavJTer, 

10  58  32 
12  23  33 

76  16  2 
75    4  29 

Bftvpoor  Saw  MUl,         

Calicut  Flag  Staff,        

Connanore  Flag  Staff, 

11  10    3 

75  30  44 

11  13    9 

75  48  48 

Malabar,     ... 

11  31   12 

73  24  44 

Mangalore  Flag  Staff,    

12  31  40 

74  32  36 

Paulghatcherry  Fort  S.  W.  Z, . 
Soobramanee  Old  Pagoda, 
Tellicherrj-  F%  Staff,  

10  43  49 
12  39  47 

76  41  48 
75  43  41 

11  44  33 

75  31  38 

Masdupatan, 

Maanlipatam  Flag  Staff,    

16    9    8 

81  11  38 

Bangalore  Palace,          

12  57  87 

77  36  56 

BeUoor  Fort  Pagoda,     ...     „..,. 

12  59    1 

76  46  20 

ChiimeroTpiiUun  Fort, 

12  54  12 

76  25  55 

Chittle  Droog  Flag  Staff,     

14  13     8 

76  26  15 

HaasimFort,       

13     0  16 

76    8    8 

Holelknrrae  Fort  Pagoda,     

14    2  47 

76  13  36 

Kopa  Droog, 

13  32     4 

73  21  31 

Kowlae  Droog  Muntapum,    

Mallcottah  HUl  Pagoda,    

13  43     9 

75    9  30 

MiSOEF,     ■ 

12  40  33 

76  41  38 

MyioreFort  Centre  Cavalier,... 

12  18  24 

76  41  48 

NugguT  or  Biddenoor  Flag  Staff, 
Nundy  Droog  Station 

13  49  12 

75     4  31 

13  22  17 

77  43  38 

Paughur  Droog  Station, 

Serai  Flag  Staff,    

14    6  23 

77  19    8 

13  44  43 

76  67  16 

Seringapatam  Fort  Pagoda,      ._ 

12  25  33 

76  43    8 

13  10.  12 

77  15  61 

Nbimmb,  ■ 

Adtenki,  S.  E.  comer  of  the) 
ruined  Fort,         ...            ...  J 

Nellore  Pagoda,        

13  48  42 

14  28     1 

80  0  32 
80     1  40 

Oodagherry  Droog  Station,      ... 

14  51  36 

V9  19     3 
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LATITUDES  AND  LONGITUDES.— (Continmd.) 


Ntmee  of  Place. 


Nmllomm,  ., 
BahhU),    ., 

Sauh, 


TiiiHEvzu>r,.„ 

ToHDIMAir,     ,„ 


TUTCBCfOFOLT, 


PeUoor  Port,  N.  W.  Angle, 

Foadells  PagodA, 

Venkettygherry  Pagoda,       ...... 

Samuteram  Sand  Hill  Pagoda, 
Bamnad  Fort,  Palace  Tower,  ... 

Namcul  Droog,  Fakeer'fl  Flag, 
Salem  (Perria)  Fort,  S.  W.  Z, 

Sankerry  Droog  Station,     

Womooloor  Fort,  Uigheat  Ca-  ) 

Nagore  Flaff  Staff,    

Ne^iatamTlaff  Staff, 

Tanjore  Great  Pagoda, 

Tranquebar  Tower ,. 

Falamcottali  Flag  Staff, 

Tinnevellj  Highest  Pagoda, 
Tutocorin  Flag  Staff,     

Tirmium  HUl  Fort  Tree 

Oodagherry  Flas  Staff, 

Qnilon  Flag  StiS^  

TriTonderam  Great  Pagoda,     ... 

Tritdunopoly  Bock  Station  on  1 

Trivdlary  BodTPagoda,      ,"'„. 


IS  27  27 
15  36  34 
13  £7  12 


10  49  S6 
10  4S  37 
10  47    0 


8  43  33 
6  43  47 
8  43     3 


8  14  37 
8  33  28 
8  29     3 

10  49  45 
10  S7  26 


78  12  26 
78  n  47 
77  53  58 


79  53  24 
79  53  28 
79  10  24 
79  53  44 

77  46  43 

77  43  4 

78  1  27 

78  47  37 

77  22  49 
76  36  a 
76  59 

78  44  21 
78  42  33 
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LATITUDES  AND  LONGITUDES  of  the  principal  placei  in 
tjltf  BOMBAY  PRESIDENCY,  ExtracUdfrom  the  Records  of  the 
Great  Tr^onometrical  Survey  of  India. 


District  or 
DiviaioD. 

Nuaet  of  Flacea. 

Latitude 
North. 

Lonntude 

East. 

< 

Abnoda  Hill  Pwodi,    

18  29  13 

75    3  14 

Chanda  Hill  Pturodi,         

KaTaubai  ditto  £ttO, 

18  36  49 

74  57  32 

AmspNtaAB 

COUACTOBATB,' 

19  36    0 

73  43    2 

Kothul    ditto  ditto,       

Phalsi     ditto  ditto, 

18  46  36 

19  20  52 

74  45  57 
74  30  39 

Ruin  Pagoda, 

WandewBill  Pagoda,    

18  26    a 

74  57  47 

18  46  27 

74  48  33 

18  53  4S 

72  51  14 

16  53  40 

72  31  10 

BokbatIuakb,' 

„       St.  Thomas'  Cathedral, 

18  65  ao 

72  33  30 

„       Bajkala  Church,      

18  38     5 

72  52  23 

„      Butcher's  Island  Tower, 

18  37  31 

72  36  41 

Bhowra  Fort  Musji^ 

FkoDda  Ghaut  S.  Fealc,     

16  32  37 

73  31  27 

1 

16  15     3 

73  37  40 

CoiiApuxStatb, 

Sttlwa  Hill  Fort  W.  end,       

16  27  24 

73  45  46 

Talia  conical  Peak,     

16  28  28 

73  33  31 

Walwan  Mound,     

16  23     6 

73  54  22 

North   Com- 

Karaala  Peak  highest  Point,     ... 

18  32  49 

73     9  33 

KurCouJKCTo-. 

Ualangar  Peak, 

ShiiT  fort  Flag  Staf^ 

19    6  29 
19     a  43 

73  13    7 
72  34  32 

•*'")     

Uran  HiU  Pagoda,     „ 

18  34    1 

72  37  59 

Bhawra  Hill  Pagoda,    

Bhol^hwar  H^Pagoda, 

17  57  53 

74  39  32 

18  26    5 

74  16  58 

Dhonda  Pagoda,     

18  27  57 

74  37  43 

GangarhEock,         

Kondapur  P^oda,      

Lohogaon  Hifi  Pagoda,      

la  31  34 

73  24  41 

18  43  86 

74  14  38 

18  37    6 

73  67  45 

Nighoj  Hill  Pagoda,        

18  44  35 

73  51  36 

Pooh  A  Cou^c* 

Parvati  HiU  S.  Pagoda,       

18  29  47 

73  33  19 

Patas  HiU  Pagoda,          

IS  23  55 

74  33  23 

TOE4TB, 

Poena  Observatory,   

18  30  41 

73  55  21 

S 

„      St.  Mary's  Chnrch 

18  30  23 

73  55  33 

18  37  19 

73  48  32 

„     Lowls  HUl  Pagoda,    . 

18  31   18 

73  44  40 

„     Phursangi  Ps^>da, 

„     BapdewGliat  ditto,    

18  28  23 
18  24  26 

74    1    9 
73  36  83 

„     Sii^h  Fort;, 

18  21  52 

73  47  46 

18  16  33 

74    0  45 

■ 
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LATITUDES  AND  LONGITUDES,— {Con&mtA.) 


District  or 
DiyisioQ, 

Narna  of  Plaoea. 

Latitude 
North. 

eLl 

AgoadaFort,  ...      ■ 

15  29  2fl 

73  48  56 

FOBTDQUESB 

„      Light-iouse,        

15  29  26 

73  48  37 

TBKBITO»r,' 

„      St.  Lorenzo's  Cliarcli, ... 

IS  29  32 

73  49  24 

Narwar  Church,     ...    ._     

]fi  S5  23 

74  21  17 

Lingana  Hill  Port,         

18  13    7 

73  32  as 

Rajgarh  Hotue  in  Fort,    

IS  14  40 

73  43  26 

-nkonaPort, 

18  37  SO 

73  33  15 

PojfT  Saceiv,  • 

Toma  Fort  HiU  Station,      ...... 

18  16  26 

73  39  47 

„     Eoek,        

18  IS  S8 

73  39  19 

„     Peak,     

18  13  57 

73  38    7 

Tung  Fort  Pi^oda,        

18  89  30 

73  30  19 

Adhur  HiU  Pagoda,      

17  24  11 

73  12  41 

BalaPir,        7.        

17  94  48 

73  17  51 

17  58  17 

73  18  19 

• 

Fort  Victoria,       .... 

17  38  19 

73    5     1 

Makrangarh  W.  Fort  Buah,     ... 

17  30  36 

73  38  20 

„          E.  Fort  Centre, 

17  50  S3 

73  38  47 

Eatsaghiw 

MumbriHill,         ...      .„     

Eari  Fort  N.  Baation,        

16  21  27 

IS  43    7 

73  24  44 
73  42  25 

CoIXBCTOJtATB, 

RatnagMri  Fort,     ...   ' 

16  39  42 

73  18  43 

Shomwargbar  HUl  Fort,    

17  48  26 

73  33  11 

Sirgaon  Highest  Point,          

Sideshwar  Port  Highest  Point ) 

E.end, J 

Vingorla  Signal,    ...        ...     ... 

WafoU  Centre  Kock 

17  57  27 

73  23  31 

16    7  57 

73  33  13 

IS  31  14 

73  39  24 

15  39  24 

73  38  26 

SdMDii'sTwt-J 

Moreshwar  Pagoda,  ... 
Pergaon  Pago&, 

15  26  35 

16  30  38 

74  46  3 
74  44  36 

18  22  11 

73  27  38 

17  51     7 

74  41  29 

SattabaStaie, 

Pali  Hill,      

17  35  18 

73  46    4 

Partabghar  HiU  Fort  Tree,      ... 
Sum  flm  Pagoda, 

J7  56    6 

73  87  10 

17  45  41 

74  66  52 

.    r 

Hanmantghur  Conical  Point  W. ) 
end  of  Fort ) 

15  51  12 

74    0  23 

Sawcntwibee,  i 

1 

Mangaon  S.  Peak, 

15  36  47 

7S  60    9 
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LATITtWES  AXD  LOXGITVDES.—lCouimxi.) 


Dutriot  or 
DiTinon. 

KsmMofPlMok 

North. 

Ei^t. 

Kalam  Peak  North 

18  22  SI 

75  48  20 

„         „     South. 

18  23  2S 

75  48  16 

EukiHiU  Fftgoda,       

17  45  61 

76    4  30 

SH0t4PU»C0L- 

Kern   ditto  ditto,     

18  11    9 

75  18  50 

t»0TO»4Tl,... 

KarmaU  FAgoda,   

HhaiBgAoaHm  Pagoda,    

18  24  13 

75  15    4 

18    6  M 

75  3!    0 

WairBg  Pagoda,    

Wai^Tomb, 

le     3  42 

75  50  45 

17  53    9 

75  54  35 

Raigarh  Palace  S.  end  of  Fort, 

18  13  69 

73  29    8 

Tanma     Coh- 

t,        HIU  Pagoda  in    Fort, 

18  14    8 

73  29  20 

ixtstomAXM,...' 

Sir  Sidney  Beckwith's  Moon-  ) 
ment  Mahbleshwor  HiUa,  .-  J 

17  55  25 

73  42    7 

KoiB.— The  Lsdtndea  giTen  in  these  Tables  are  derived  from  independeDt 
Aitronomical  Obeervationi  made  at  the  following  itatioiu  : 

Latitude.  Longitude. 

PnmuB  Station,    8      9    33         77    39    49 

Dodagoontah  ditto, 12    99     53         77    39    41 

Damargida  ditto, IS      3    16         77    42    31 

Ealiaapnr  ditto,      2*      7    13        77    41    45 

Kaliaoa  ditto,      ...    39    30    49        77    41    33 

On  the  other  hand  the  Longitadea  recorded  in  the  Tables  are  all  dednced  from 
Compntalions,  taking  that  of  the  Madras  Obaerrator;  as  the  or^in  of  the  deductive 
process.  The  valae  of  this  fiindamental  element  as  used  in  the  Computations  of  the 
Great  Trigonometrical  Snrvej  is  as  follows  : 

Lon^tude  of  the  Madras  Obscr-I  f  Determined  from  CaptwnWaT' 

vatory  East  of  Greenwich,  ...  )  ^^  *'  2'  I  ren's  Obserrations. 
In  the  Tables  of  latitudes  and  Longitudes  of  the  Great  Trigonometrical  Survey 
Stations,  given  in  the  lithographed  Bevenne  Snrvey  Uaps,  the  Longitudes  used  are 
called  "  corrected  Longitudes"  because  they  are  Great  Trigonometrical  Survey 
yalnes  diminished  by  0°  3'  25.'  This  correction  has  been  applied  with  the  view  of 
referring  those  elements  to  the  Longitude  of  the  Madras  Observatory  (80°  13' 56*) 
■«  aubeeqnently  adopted  by  the  Board  of  Admiralty,  and  the  Boyal  Astronomical 
Soinety  of  London,  bat  in  the  foregoing  Tables,  the  Longitudes  recorded  are 
laicorrected  elements. 
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